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CHAPTER 01 | INTRODUCTION TO STRENGTH AND CONDITIONING 


PROGRESSIVE 
RESISTANCE TRAINING: 


A method of fitness training 
using an increasing overload 
to cause the body to adapt, 
grow stronger, and build muscle. 


PHYSIQUE 
DEVELOPMENT: 


Training to enhance muscular 
proportions and appearance. 


Sports have been played in a competitive state for centuries, with evidence of wrestling as 
the first organized sport. According to the International Olympic Committee, the first Olympics 
were held in 684 BC, and the events included running, wrestling, discus, boxing, a form of 
martial arts known as pankration, and various equestrian activities. The ancient Greeks also 
established and developed the initial ideas of what is now known as progressive resistance 
training, which is a method of fitness training using an increasing overload to cause the body 


to adapt, grow stronger, and build muscle. 


The sport of bodybuilding focuses on aesthetics and physique development—training to enhance 
muscular proportions and appearance. Bodybuilding dates back to the stone-lifting competitions 
of ancient Greece and Egypt, whereas Western-style weight lifting originated in Europe in the 
1800s. As evidenced by the many detailed sculptures of Greek gods and ancient warriors, fitness 


and strength have clearly played a large part in human history. 


Figure 1.1 Ancient Greek Statues. 


Greek statues depicting a fit warrior (left) and the god Zeus (right). 


In the present day, strength and conditioning has become one of the most prominent aspects 
of physical training and is practiced by athletes in all sports, at all levels, and at all ages. 
Higher levels of fitness are required by the military, law enforcement, firefighting services, 
and emergency services. Individuals who want to be fit for reasons other than professional 
purposes often train like athletes, making this growing demographic a large source of income 


in the health club industry. 


ISSA | Strength & Conditioning | 10 


In sports, the stronger, leaner, and better-conditioned athlete is typically the better-performing 
athlete. Similarly, the stronger, leaner, and better-conditioned adult will typically have a longer, 
healthier life. However, there are limits to the human body’s ability to increase attributes of 
quickness and strength as well as limits to our recovery from the training required to achieve 
those goals. There is a cost of adaptation for an individual in training. Improving a person’s 
strength and conditioning requires a precise balance of challenge and recovery, and this is 


where a strength and conditioning coach becomes valuable. 


A fit, well-trained athlete exhibits athleticism, skill, and endurance. An athlete will train with a 


ATHLETICISM: 


The competent use of 


focus on lifestyle, nutrition, rest, and exercise. The goal of a sports-conditioning specialist is 


to help an athlete become as strong and fast as possible with enough endurance to outlast capabilities such as strength, 
agility, and stamina. 


their opponent and enhance their recovery from play to play or match to match. Each athlete 
is unique, and a coach will consider their needs and goals as they apply and customize the 


general principles of performance training. 


HEALTH BENEFITS 


A coach's strategies to increase muscle size and strength apply not only to athletic 


performance but also to the health and quality of life of any clients they train throughout their 


QUALITY OF LIFE: 
career as a fitness professional. The standard of health, comfort, 
and happiness of an individual. 


Generally, stronger muscles will translate to better performance, and this quality will help an 
athlete jump higher, throw harder, and run faster. For maintenance of life, the key is muscle 
mass. Skeletal muscle is the largest component of kinesiology and human movement. KINESIOLOGY: 

Without strong skeletal muscle, the human body fails to function and will deteriorate quickly. The study of human movement 


; g z er n and mechanics. 
The brain, heart, skin, and other vital organs rely on the building blocks of muscle tissue to 


function. Through daily nutrition, humans fuel the processes of the body and, when physically 
training, promote recovery, repair, and growth. Science has shown an increase in healthy 


muscle mass can also reduce the risk of chronic diseases, like diabetes and obesity. 


Elderly populations can also benefit from maintaining the most strength and quickness their 
body allows. Research demonstrates that by middle age, individuals lose their largest and 
strongest muscle fibers, which are important for daily tasks, such as lifting, carrying, and 
stepping. Slower reflexes and a loss of movement speed can be detrimental to this population 
as well. The ability to react quickly is necessary to avoid injury, and a slower walking speed is 


associated with a higher risk of mortality. 
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CHAPTER 01 | INTRODUCTION TO STRENGTH AND CONDITIONING 


GOALS OF THIS COURSE 


This course will teach coaches how to help athletes become as strong as possible, improve 
speed, and improve sport-specific endurance. Over weeks and months of training, they 
will perform the same activities at faster rates and with shorter recovery periods without 


exceeding their physical or mental capabilities. 


The job of a strength and conditioning specialist is to build the athlete’s physical prowess and 
PHYSICAL PROWESS: resiliency. Physical prowess consists of all the elements enabling an athlete to perform well in 


The elements enabling an athlete their sport. These elements include but are not limited to strength, mobility, speed, endurance, 
to perform well in their sport. 


and agility. Resiliency is an athlete’s ability to withstand and recover from the physical and 


mental stressors of their sport. Athletes must have the necessary strength, mobility, and 
RESILIENCY: 


The ability to withstand and 
recover from the physical and or practice sessions. While helping athletes perform at the highest level possible, a coach will 
mental stressors of sport. 


reflexes to minimize their risk of injury as well as have the ability to recover between games 


also improve their health to enhance their quality of life after their career ends. 


Athletes rely on trainers, medical professionals, and conditioning coaches regularly to guide 
them through the process of performance enhancement, striving for peak physical maturity. 
Fitness professionals and educational courses, such as this one, are responsible for 
confidently and accurately guiding them. While preparing to assist and lead athletes through 
the endless training process, coaches can use this essential course providing the most 


current and effective tools. 


HUMAN FORM AND FUNCTION 


The human body is composed of several functional systems all working together. The nervous 
system controls the muscular system, and the supporting systems, including the digestive and 
endocrine systems, manage the way the body makes and stores energy. To fully understand 
the human body on a large scale, a coach must be privy to these individual systems and their 
interrelated nature. This course will cover each functional system with adequate details to 


benefit the athletic training of a strength and conditioning coach. 


USEFUL EXERCISES 


The library of exercises available for the general population and athletes is immeasurable. A 
coach should understand the applicable and effective movements benefiting any athlete as 
well as how to verbally cue and execute the movements while minimizing the risk of injury. The 
exercise chapters within this course detail movements from stretches to power exercises and 


everything in between, with descriptions a coach can use confidently when training an athlete. 
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RESISTANCE- AND ENDURANCE-TRAINING PROGRAMMING 


Many trainers and coaches complete certifications and gain extensive knowledge of the human 
body, biomechanics, and specific exercises but do not know how to apply this knowledge to 
a training program. This course focuses on the application of training guidelines over time 
with athletes in the form of short-term and long-term programming parameters and guides. 
The details provided on training and endurance programming distinguish this ISSA sports and 


conditioning specialist course from the certification pack. 


NUTRITION AND SUPPLEMENTATION 


The body is fueled daily by the individual’s nutritional profile. A coach will learn how to 
apply nutrition for an athlete to achieve the best physical results in a healthful way. While 
supplementation is not a requirement for athletics and performance, many athletes choose 
to supplement in some way to aid performance and promote a balanced nutrient intake. 
This can be as simple as taking a multivitamin or enhancing a meal with protein powder or 
as complex as taking additional vitamins or minerals for specific metabolic functions. This 
course will inform coaches of the available supplements and when and how they should be 


taken properly. 


Training has advanced since the days of ancient Greece, when athletes and soldiers rarely 
lived long enough to be concerned about the long-term consequences of their training, much 
less their quality of life decades after retirement. The mental and physical declines from 
stress endured during training and competition can lead to the downfall of even the strongest 
athletes. Armed with the right tools for understanding how the human body functions—current 
training variables and principles, fitness components, and programming guidelines—a coach 
will be equipped to develop effective and safe performance-enhancing programs. The two 


underlying goals of this course are as follows: 
Improving the athlete’s performance to the highest level possible 


Improving or preserving the athlete’s health so they can achieve the best quality of life after 


the sport has ended 


An individual can train to become a strength and conditioning coach with the same mentality 
expected of an athlete. It takes drive, confidence, discipline, competitiveness, and time 


management to be successful. This is just the beginning. 
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CHAPTER 02 | NERVOUS SYSTEM 


The body is like a computer, albeit one that’s capable of complex movement. It is made of 
hardware (muscles, bones, organs, connective tissues) and runs on software. That software— 
the brain, spinal cord, and nerve—controls the hardware. This software is what changes how 
high clients can jump, how much weight they can lift, and how quickly they can react to a 
changing environment. New research shows that the nervous system is more malleable 
than previously thought. This means that challenging exercise can change the structure 
and function of the brain. When clients move more, and move better, their nervous-system 
software runs better, with fewer bugs. This translates to better performance in sports and to 


a lower risk of injury. 


FUNCTIONS OF THE NERVOUS SYSTEM 


Of all the systems that make up the human body, the nervous system is the body’s most 


diverse. It provides the following six functions: 


e Coordinates movement: it plans, initiates, and asserts ongoing control over 


every move. 


e Processes sensory input: This includes smell, vision, taste, hearing, and 
somatosensory information (pain, warmth, an itch, etc.). These functions allow 
the receipt and interpretation of information from the joints, ligaments, muscles, 


and skin. 


e Initiates and maintains life-sustaining functions: these include the innate need 


to find water, food, and a mate. 


e Learns and forms memories: learning and memory are the primary elements 


of cognition. 
e Experiences emotions: these include feelings of fear, pleasure, attachment, and drive. 
e Controls arousal: consciousness and sleep regulation are parts of this function. 


Through these six functions, the nervous system forms a complex network of thoughts, 
emotions, and processes that go far beyond movement and performance. The most important 
for strength coaches is the interplay between the first two functions: coordinating movement 


and processing sensory input. 
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COMPONENTS OF THE NERVOUS SYSTEM 


Even though the nervous system functions as one interconnected system, it can be divided 
into the central nervous system (CNS) and the peripheral nervous system (PNS). The CNS 
consists of the brain, the spinal cord, and all the structures contained within it. The PNS is 
made up of the neural circuitry that travels outside of the spinal cord, down to the deepest 


layers of the joints and organs. 


Figure 2.1 The Divisions of the Nervous System 


Central It is further broken down into the sensory division 


nervous 
system 


and motor division. The sensory division is 


a part of peripheral nervous system, it runs 
from sensory organs to the CNS (brain and spinal 
cord). The sensory division collects information 
(touch, pain, pressure, vision, taste etc) from outside 
(somatic sensory) and inside (visceral sensory) of 
the body and carries them to the CNS. The motor 
division of the PNS carries nerve impulses from 
the central nervous system to muscles and glands 


throughout the body. The nerve impulses stimulate 


muscles to contract and glands to secrete hormones. 


The nervous system consists of two main types of 
cells: neurons and glia. The average human has 
approximately 86 billion neurons and one trillion glial 
cells. They work together to form a person as a whole. 
This includes the ability to run and to kick a soccer ball, 


and it even influences certain emotional responses. 


NEURONS 


The neuron is the primary structural unit of the nervous system. The basic function of 


the neuron is to allow electrical and chemical impulses to be transmitted throughout the 
body. Each neuron can produce an action potential—sometimes referred to as an impulse 
or spike—which is the electrical signal required for movement and perception. An action 
potential is a rapid and substantial depolarization of the neuron’s membrane and is extremely 
brief (about one millisecond). This signal must be enough to change the membrane potential 


on the neuron (less negative). 


CENTRAL NERVOUS 
SYSTEM (CNS): 


The nervous system cells that 
make up the brain and spinal 
cord. 


PERIPHERAL NERVOUS 
SYSTEM (PNS): 


The nervous system cells that 
provide information to the 
brain and spinal cord. 


NEURON: 


The nervous system cell that 
produces action potentials 
to communicate with other 
neurons, muscles, or glands. 


GLIA: 


A nervous system cell that 
protects and nourishes 
neurons but that doesn’t 
produce an action potential. 


ACTION POTENTIAL: 


The electrical signal produced 
by a neuron or muscle 
spindle. 
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CHAPTER 02 | NERVOUS SYSTEM 


There are three types of neurons in the body: motor neurons, sensory neurons, and 


interneurons. 


e Motor neurons transmit commands from the brain or spinal cord to muscles and 


glands. 


e Sensory neurons transmit information into the brain and spinal cord to detect 


movement, sight, touch, sound, and smell. 


e Interneurons, the most abundant in the nervous system, create circuits between 
sensory or motor neurons and transmit information between different parts of 


the brain. 


Figure 2.2 Types of Neurons 


Sensory neuron Interneuron Motor neuron 


A typical neuron includes these components: 


e Dendrites are branches of the cell body that act as receivers, collecting 


information from other neurons. 


+ The cell body, or soma, is the bulbous end of a neuron that contains the nucleus 
(DNA). This is the part of the neuron that integrates information and determines if 
there’s enough to create an action potential. The cell body contains the nucleus, 


which is the center of the cell. 


+ The axon is the transmitter portion, relaying signals to other neurons, muscles, 
or organs. The axons that travel from the spinal cord to the feet can be up toa 


meter long but just 100 microns (a tenth of a millimeter) wide. 
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A muscle spindle is a sensory receptor within muscle that detects changes in length and helps 
regulate contraction. It sends information to the sensory cell body. The information then travels 


through the axon to the spinal cord, where it communicates with motor neurons or interneurons. 


Figure 2.3 Components of a neuron 


DENDRITES 


cet goo 


Motor neuron: The dendrites receive 
information from other neurons, and px 
then the electrical signal travels down 
the axon and out through the terminal 
endings that synapse onto muscle 
fibers. Sensory neuron: Receptors in the 
muscle, joints, or skin send an impulse 
to the cell body, which can transmit the 
signal to a motor neuron or interneuron. 


Neurons communicate with other neurons or with organs (muscles and glands) through a 
synapse an area where either electrical or chemical signals are transmitted. Synapses can be 
located between two neurons or between a motor neuron and a muscle or gland. For example, 
when a motor neuron that innervates a muscle is activated, it releases acetylcholine, a 
chemical neurotransmitter, at the neuromuscular junction. The binding of acetylcholine to 


receptors on the muscle triggers a cascade of events that results in contraction. 


GLIA 


Unlike neurons, glia don’t produce action potentials. Their role is to support the neurons by 


providing the protection and nutrients necessary to keep them intact. 


Myelin, a fatty sheath that covers the axon of a neuron (similar to insulation around an 
electrical wire), is a glial cell that’s important for movement. It allows signals to travel quickly 
through nerves, up to 90 meters per second. When a disease breaks down the myelin covering 


of a neuron, in can lead to multiple sclerosis and other movement disorders. 


MUSCLE SPINDLE: 


A sensory receptor contained 
in the muscle belly that 


detects changes in muscle 
length and helps regulate 
contraction. 


SYNAPSE: 


An area between neurons, 

or between a neuron and 
muscles or glands, where 
electrical or chemical signals 
are transmitted. 


NEUROMUSCULAR 
JUNCTION: 


The synapse where the motor 
neuron transmits a signal to 
the muscle fiber that results 
in muscle contraction. 


MYELIN: 


A fatty sheath around 

the axon of a nerve that 
provides electrical insulation, 
protection, nourishment, and 
faster signal transmission. 


MULTIPLE SCLEROSIS: 


A disease that damages the 
myelin that surrounds an 
axon. 
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CHAPTER 02 | NERVOUS SYSTEM 


CRANIAL NERVES: 


12 pairs of nerves that 
emerge from the brain or 
brainstem to relay pure 
sensory, pure motor, 

or sensory and motor 
information to the head. 


SOMATIC NERVOUS 
SYSTEM: 


The division of the peripheral 
nervous system that controls 
voluntary movement. 


AUTONOMIC NERVOUS 
SYSTEM: 


The division of the peripheral 
nervous system that controls 
subconscious actions such 
as breathing, heart rate, and 
digestive processes. 


SYMPATHETIC NERVOUS 
SYSTEM: 


The division of the autonomic 
nervous system that 
generates the “fight or flight” 
response. 


PARASYMPATHETIC 
NERVOUS SYSTEM: 


The division of the autonomic 
nervous system that 


generates the “rest or digest” 


response. 


NOREPINEPHRINE: 


The hormone/ 
neurotransmitter released 

by the CNS and sympathetic 
nervous system that triggers 
the “fight or flight” response. 


HOMEOSTASIS: 


The process of keeping 
physiological systems stable. 


PERIPHERAL NERVOUS SYSTEM (PNS) 


The peripheral nervous system includes all the neurons and glia outside of the brain and 
spinal cord, to which it sends constant information from the body. It contains 43 pairs of 
nerves: 12 pairs of cranial nerves that connect with the brain and 31 pairs of spinal nerves 
that connect directly with the spinal cord. The PNS can be further subdivided into the somatic 


nervous system and the autonomic nervous system. 


Somatic Nervous System 
This division of the PNS, responsible for voluntary movement, includes motor neurons that control 


muscle, along with sensory neurons that receive information from the muscles, skin, and joints. 


Autonomic Nervous System 

This part of the PNS controls the heart, lungs, and gut. It’s further divided into the sympathetic 
and parasympathetic nervous systems. The sympathetic nervous system generates the 
“fight or flight” response through the release of norepinephrine. The parasympathetic system 
balances the sympathetic by activating the “rest and digest” physiological processes. These 


two systems work together to maintain homeostasis within the PNS. 


CENTRAL NERVOUS SYSTEM 


When incoming information from the PNS reaches the brain and spinal cord, the CNS 
interprets and analyzes the information to determine the next course of action. For that, 
the CNS delegates responsibilities to seven different components, which are found in four 


primary divisions: 


+ The forebrain includes the cerebrum, which helps to learn and control movement, 
and the diencephalon, which relays and integrates information from different 
parts of the brain and spinal cord. The cerebrum is further divided into right and 


left cerebral hemispheres, which are connected by the corpus callosum. 


+ The brainstem consists of the midbrain, pons, and medulla. It mediates sensory and 
motor control of the head, neck, and face, along with balance. The brainstem also 


contains the sensory and motor pathways that travel to other parts of the CNS. 


+ The cerebellum (which means “little brain”) plans and coordinates movement. It 


contains more densely packed neurons than any other subdivision of the brain. 


+ The spinal cord transmits motor information down from the brain and sensory 


information up to the brain. It also contains reflex circuits. 
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Figure 2.5 The components of the CNS 


PINEAL GLAND 


OPNE SCHASMA —— 
HYPOTHALAMUS. a 
PITUITARY GLAND 
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CEREBELLUM 


SANAL CORO = 


Cross section showing the right half of the brain. The corpus callosum contains neural fibers that 
connect the right and left cerebral hemispheres. 


Because the spinal cord is particularly important for understanding how movement is 


produced, it’s worth exploring in greater detail. 


Table 2.1 Brain Hemispheres 


RIGHT HEMISPHERE 


LEFT HEMISPHERE 


Language Spatial perception 
Logical processing Creativity 
Science and math Intuition 


Controls muscles on right side Controls muscles on left side 


Spinal Cord 

The spinal cord is a long, slender tube of both white and gray matter that extends from the bottom 
of the medulla down through the vertebral column. Both are made up of axons, but only white matter 
is covered by myelin. It gets its name from myelin’s whitish appearance. Gray matter is gray because 


it includes cell bodies and terminal endings of neurons, which have little or no myelin. 
Spinal nerves emerge from the spinal cord to provide motor and sensory information to the body. 


Three layers of membrane known as meninges protect the spinal cord, with small spaces 
between each meningeal layer to provide nourishment through blood vessels and cerebrospinal 
fluid (CSF). There’s also a small amount of cerebrospinal fluid in the central canal, the small 


opening within the center of the spinal cord that connects to ventricles of the brain. 


DID YOU KNOW 


The cerebrum (brain) has 
two hemispheres: the 

left hemisphere and the 
right hemisphere. The 

right hemisphere controls 
movements on the left side 
of the body. The opposite is 
true for the left hemisphere. If 
someone suffers an injury to 
one side of the brain, motor 
function in the opposite side 
will be affected. 


WHITE MATTER: 


The portion of the brain and 
spinal cord that contain 
myelinated axons. 


GRAY MATTER: 


The portion of the brain and 
spinal cord that contain axons 
with little or no myelin and cell 
bodies. 


MENINGES: 


The membranes that cover 
the brain and spinal cord 
to provide protection and 
nourishment. 


CEREBROSPINAL FLUID 
(CSF): 


A clear fluid found in the brain 
and spinal cord that protects 
and cleans the brain. 


VENTRICLES: 


Cavities in the brain that 
contain cerebrospinal fluid. 
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White matter consists of axons that 
are covered in whitish myelin; gray 
matter is made up of cell bodies 
and axons that have little or no 
myelin. Three layers of meninges 
protect the spinal cord. The central 
canal contains a small amount of 
cerebrospinal fluid. 


CAUDA EQUINA: 


A bundle of spinal nerves that 
begins around the second 
lumbar vertebrae where the 
spinal cord ends. 


CERVICAL 
ENLARGEMENT: 


The larger diameter area of 
the spinal cord that contains 
the nerves that travel to the 
upper limbs. 


LUMBAR ENLARGEMENT: 


The larger diameter area of 
the spinal cord that contains 
the nerves that travel to the 
lower limbs. 


Figure 2.6 Spinal cord components 


White matter- e.s — Grey matter 


It’s easy to assume that the spinal cord, which begins at the base of the medulla, runs the 
entire length of the spine. In fact, it ends around the second lumbar vertebrae (L2). The 
area between L2 and the sacrum is filled with bundles of spinal nerves, known as the cauda 
equina. They extend to the bottom of the sacrum and innervate the muscles of the hips, legs, 


pelvic organs, and sphincter. 


The spinal cord is usually 15 to 19 inches long, depending on a person’s height, and 
approximately one-half inch across at its narrowest section. The diameter increases in two 
areas: The cervical enlargement is wider because it contains the nerves that travel to the 
arms while the lumbar enlargement holds the nerves that travel to the legs. Both structures 


provide more room for additional cell bodies. 


The spinal cord transmits information up to and down from the brain. It also serves as 
a center for coordinating reflexes. It can be thought of as an interstate highway, with 
information traveling up and down with (relatively) few obstacles to slow it down. At the same 
time, connecting highways pour new information onto the interstate and also take existing 
information off it. It’s particularly strained when it comes to reflexes, which would be the 
equivalent of roundabouts that allow information to jump on and off the highway without first 


crawling through a commercial strip filled with gas stations and fast-food restaurants. 
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INTERACTIONS OF THE CNS AND THE PNS 


Nerves are bundles of axons that carry information within the PNS. They’re the pathways 
connecting muscle and other organs to the spinal cord, and the spinal cord to those organs. 


There are three different types. 


A sensory nerve (i.e., afferent nerve) carries information into the spinal cord. A motor nerve 
(i.e., efferent nerve) carries information away from the spinal cord to innervate muscle. And 
a mixed nerve, as can be guessed from its name, carries sensory and motor information. 
It also handles autonomic information for the sympathetic and parasympathetic nervous 


systems, but that is disregarded here to keep the focus on movement. 


SPINAL NERVES 


Thirty-one pairs of spinal nerves emerge from the spinal cord to control muscles in the 
body, from the neck down to the toes. They’re divided into regions that correspond with 
the vertebrae from which they exit. This creates eight pairs of cervical nerves, 12 pairs of 
thoracic nerves, five pairs of lumbar nerves, five pairs of sacral nerves, and one pair of 


coccygeal nerves. The primary motor functions of each region are located in Table 2.2. 


Figure 2.7 The vertebrae and innervations 
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SENSORY (AFFERENT) 
NERVE: 


A bundle of axons that carries 
sensory information into the 
brain or spinal cord. 


MOTOR (EFFERENT) 
NERVE: 


A bundle of axons that carries 
motor information away from 
the brain or spinal cord to 
muscles or glands. 


MIXED NERVE: 


A bundle of axons that carries 
sensory, motor, and autonomic 
information. 


SPINAL NERVES: 


31 pairs of nerves that 
emerge from the spinal cord 
to relay motor, sensory, and 
autonomic information from 
the neck to the feet, except 
for the C1 spinal nerve 

that transmits pure motor 
information. 


CERVICAL NERVES: 


Eight pairs of spinal nerves 
that exit the cervical region of 
the vertebral column, above 
each corresponding vertebrae, 
except for the C8 spinal 

nerve that exits below the C7 
vertebrae. 


THORACIC NERVES: 


12 pairs of spinal nerves that 
exit the thoracic region of the 
vertebral column, below each 
corresponding vertebrae. 


LUMBAR NERVES: 


Five pairs of spinal nerves 
that exit the lumbar region of 
the vertebral column, below 
each corresponding vertebrae. 


COCCYGEAL NERVES: 


One pair of spinal nerves that 
exits below the sacrum. 


| Strength & Conditioning | 23 


CHAPTER 02 | NERVOUS SYSTEM 


LOWER MOTOR NEURON: 


Aperipheral nervous system 
cell whose cell body is in the 
brainstem or spinal cord that 
innervates muscles or glands. 


MOTOR UNIT: 


A lower motor neuron and 
all the muscle fibers it 
innervates. 


Table 2.2 Spinal Nerves 


SPINAL NERVES MOTOR FUNCTIONS 
Cervical nerves C1-C8 (8 pairs) Control muscles of the neck, shoulders, up-per limbs, and diaphragm 
Thoracic nerves T1-T12 (12 pairs) Control muscles of the trunk 
Lumbar nerves L1-L5 (5 pairs) Control muscles of the pelvis and lower limbs 
Sacral nerves S1-S5 (5 pairs) Control muscles of the pelvis and lower limbs 
Coccygeal nerves CO1 (1 pair) Control a few muscles of the pelvis 
SUMMARIZED CNS AND PNS 


+ Spinal nerves create a pathway for communication between the spinal cord and 


the muscles. 


+ There are 31 pairs of spinal nerves that link the muscles from neck to feet with 
the spinal cord. Because this information travels in the periphery of the CNS, it’s 


called the peripheral nervous system. 


+ The large-diameter spinal nerves merge and then divide into smaller nerves 
that innervate muscles, similar to branches growing out from a tree trunk. 
For example, axons from the C5, C6, and C7 spinal nerves merge to form the 
musculocutaneous nerve that innervates the biceps. And the axillary nerve that 


contracts the deltoid is formed by axons from the C5 and C6 spinal nerves. 


LOWER MOTOR NEURONS AND MOTOR UNITS 


A lower motor neuron carries information that leads to muscle contraction. It can extend 
from any part of the brainstem or spinal cord to control muscles in the face, the toes, or any 


place in between. It has nothing to do with being “low” in the nervous system. 


Each muscle is innervated by many lower motor neurons, each of which controls a collection 
of muscle fibers. The combination of a single motor neuron and the fibers it innervates is a 
motor unit. Small muscles, such as those that control eye movement, can have as few as five 
muscle fibers in one motor unit. Large muscles, such as the hamstrings, can have thousands 
of fibers in one motor unit. Because there are three primary types of muscle fibers, there are 


three corresponding motor units: 


Slow (S) motor unit = type | muscle fibers 


Fast fatigue-resistant (FFR) motor unit = type Ila muscle fibers 


Fast fatigable (FF) motor unit = type IIx muscle fibers 
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TYPES OF MOTOR UNITS 


Slow (S) motor units contain slow-twitch fibers that can contract for many hours. They 
consist of a small bundle of small, type | muscle fibers that can contract for many hours, 
or even days if necessary. Fast fatigue-resistant (FFR) and fast fatigable (FF) motor units 
contain fast-twitch muscle fibers. FFR motor units consist of a moderate-size bundle of 
moderate-size, type Ila muscle fibers, which can contract for minutes at a time. FF motor 
units consist of a large bundle of large, type IIx muscle fibers, which can contract for only 


5 to 10 seconds before they drop out of the task. 


Figure 2.8 Structure of motor units 
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REGULATION OF MUSCULAR FORCE 


The amount of force a muscle produces depends on two neural processes: motor unit 
recruitment and rate coding. Motor unit recruitment is the activation of additional motor 
units for the muscle to produce higher levels of force. Rate coding is the frequency a motor 
neuron sends an action potential to its bundle of muscle fibers. The higher the rating coding, 
the stronger the contraction. Every action potential from a motor neuron causes all its 
associated muscle fibers to contract, a process known as the all-or-none law. Simply put, the 


all-or-none law states that a motor unit can’t be partially activated. 


DID YOU KNOW 


If a physical therapist 
suspects the client’s C5 and/ 


or C6 right spinal nerves are 
pinched, they’ll check the 
strength of the client’s right 
deltoid 


MOTOR UNIT 
RECRUITMENT: 


Activation of additional, larger 
motor units to generate 
greater muscular force. 


RATE CODING: 


The discharge rate of active 
motor neurons. 


ALL-OR-NONE LAW: 


When a motor neuron is 


activated, all its corresponding 
muscle fibers contract. 
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SIZE PRINCIPLE: 


The fixed, orderly recruitment 
of motor neurons from 


smallest to largest, first 
explained by Elwood 
Henneman. 


Low levels of force recruit S motor 
units. Moderate levels of force 
recruit S and FFR motor units. High 
levels of force recruit S, FFR, and 
FF motor units. The size principle 
is a fixed, orderly process based on 
the size of each motor unit’s motor 
neuron. Motor units are recruited 
from weakest to strongest and 
drop out in the reverse order: 
strongest to weakest. 


Each muscle in the body has a different number of motor units and muscle fibers. For example, 
the biceps brachii muscle has approximately 775 motor units that contain 580,000 muscle 
fibers. This allows the nervous system to regulate a large spectrum of force capabilities 
within any major muscle. When a muscle contracts, the S motor units fire first, producing 
small increments of force. As more force is needed, larger motor units are recruited, each 
contributing progressively more force, with that force increasing in progressively larger 
increments. This is known as the size principle of motor neuron recruitment, which was first 


proposed by Elwood Henneman in 1957. It’s a fixed, orderly process. Here’s why: 


Small motor neurons are more easily activated in the spinal cord than larger ones. This 
means that small motor neurons have a low threshold for activation. Because the S motor 
units have the smallest motor neurons, they’re always recruited first. FFR motor units have 
medium-size motor neurons, which require more neural input from the spinal cord to activate. 
FF motor units have the largest motor neurons, requiring very high levels of neural input to 
activate. They have a high threshold of activation. In other words, every movement uses S 
motor units, but only movements that require higher levels of force recruit FFR and, if even 


greater force is needed, FF motor units. This process is shown in Figure 2.6. 


Figure 2.9 Size principle of motor unit recruitment 
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The FF motor units come into play only when the highest levels of force are necessary, such 
as lifting a heavy weight or sprinting at top speed. 

+ Low force = S motor units 

+ Medium force = S + FFR motor units 

+ High force = S + FFR + FF motor units 
An individual can’t run at top speed or hold incredibly heavy weight for more than 10 seconds 
or so. The reason is because the strongest (FF) motor units can only sustain their activity 
for that approximate amount of time, primarily due to their reliance on energy from the short- 
duration phosphagen system. Indeed, motor units are recruited from weakest to strongest 


but drop out in the reverse order: strongest to weakest. 
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The point at which the last (i.e., strongest) motor unit is recruited varies between muscles. 
Some of the smaller muscles, such as those within the hands, recruit all their motor units at 
60 percent of maximum force. The last 40 percent increase is due to faster rate coding. Other 
larger muscles, such as the biceps and deltoids, recruit all their motor units at approximately 
85 percent of maximum force. However, a faster contraction speed lowers a motor unit’s 
recruitment threshold. Indeed, research demonstrates that a load of approximately 33 
percent of maximum, when lifted explosively, can recruit all the motor units. This is why power 


exercises are traditionally performed with a much lighter load than one might expect. 


In summary, when the nervous system determines that a muscle requires relatively little 


force, it activates relatively few motor units, and the ones it activates deploy the muscle’s 


smallest fibers. When higher levels of force are required, the nervous system brings in larger 
motor neurons, which activate more and bigger fibers. Once all motor units are recruited, the 
brain sends a stronger signal to the motor neuron to increase rate coding (i.e., firing rate), 


resulting in even greater levels of force. 


MOTOR NEURON POOLS 


The cell bodies of the lower motor neurons cluster in vertical columns within the gray matter 
of the spinal cord to form a motor neuron pool. Every muscle has a motor neuron pool, which 
can span multiple segments within the spinal cord. For example, the neurons that innervate 
the biceps come out of three spinal nerves: C5, C6, and C7. They can be thought of as three MOTOR NEURON POOL: 


highways that originate in three different parts of a city but that all travel to the same suburb. [IRQ RMAAeMeamAMAAMECLS 


bodies within the spinal 
cord that innervate a single 
muscle. 


Figure 2.10 Motor neuron pool for the biceps 


Muscle 


A - Motor Unit 

A motor neuron 
innervates one set of 
muscle fibers 


The cell bodies of lower motor 
neurons are arranged in vertical 
columns that form a motor neuron 
pool. The motor neuron pool can 
span multiple segments within 

B - Motor Neuron Pool the spinal cord. 

A pool consists of many 

motor neurons, each of which 

innervates a motor unit with 

the muscle. 
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UPPER MOTOR NEURON: 


A central nervous system 


cell that synapses with lower 
motor neurons. 


CEREBRAL CORTEX: 


The outermost layer of the 
brain. 


MOTOR CORTEX: 


The region of the brain 
consisting of the premotor 
cortex, primary motor cortex, 
and supplementary motor 
area that primarily controls 
movement. 


NEURAL TRACT: 


A bundle of axons within the 
CNS that carries motor or 
sensory information. 


DESCENDING TRACT: 


A bundle of upper motor 
neuron axons that travels 
through the spinal cord to 
activate lower motor neurons. 


ASCENDING TRACT: 


A bundle of axons that carries 
sensory information through 
the spinal cord to the brain. 


The motor neuron pool can be activated by signals from the brain or from circuits within 
the spinal cord. The brain does this and can feel what the body is doing through pathways, 
formed by upper motor neurons, where information travels from the brain down to the motor 


neuron pools. 


MOTOR COMMANDS 


When the calf muscle is contracted, a signal is sent from the brain to the muscle. This 
contraction occurs through voluntary movement. Voluntary movement starts in the cerebral 
cortex, the outermost layer of the brain. It’s approximately the size of a dinner napkin and is 
one-third as thick as a deck of cards. It wraps around the deeper layers of the brain to form 


folds and ridges. 


More specifically, voluntary movement is planned, initiated, and directed by the motor cortex, 
a combination of three cerebral cortex regions: premotor cortex, primary motor cortex, and 


supplementary motor area. This is shown in Figure 2.8. 


Figure 2.11 Motor cortex 


Motor cortex 


Brain 


Brainstem 


The premotor cortex, 

primary motor cortex, and 
supplementary motor area 
work together to plan, initiate, 
and direct movement. 


The motor cortex communicates with lower motor neurons through pathways called neural 
tracts. Unlike spinal nerves, which carry both motor and sensory neurons, neural tracts 
specialize in one or the other. Descending tracts send motor information down toward the 


muscle and ascending tracts send sensory information back up to the brain. 
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Upper motor neurons 


DESCENDING (MOTOR) TRACTS 


There are eight descending tracts formed by the axons of upper motor neurons. Three originate 
in the motor cortex; they’re charged with planning, initiating, and directing movement. The 
others, which originate in the brainstem, control facial movement and posture. Those are 
mostly involuntary reflex actions. Without conscious thought, one doesn’t focus on controlling 


facial expressions or general posture when sitting or standing. 


And yet, those involuntary actions are an essential aspect of complex movement. For example, 
a client performing an overhead press focuses on moving the parts in the shoulder and elbow 
joints rather than on the long list of trunk and lower-body muscles keeping them upright. 


Figure 2.12 The pathway between descending tracts and skeletal muscles 


DECENDING TRACTS 


upper motor neutrons Motor Neuron Pools 
Motor Cortex lower motor neurons 


plan/initiate/direct movement | 


Brainstem 
contro! movement/posture 


SKELETAL MUSCLES 


Sensory information flows in the opposite direction—from muscles and joints to the spinal 


cord and then up to the brain. 


If a client’s arm was lifted out to the side with their eyes closed, they’d still know their arm 
had been moved and where it is. If a heavy weight was then placed in the client’s hand, the 
tension in the muscles would give an indication of whether the weight was heavy or light. This 
important information comes through proprioceptors that are in the muscles and joints and 


reach the brain through the ascending tracts. 


ASCENDING (SENSORY) TRACTS 


There are five ascending tracts that carry sensory information through the spinal cord up to 
the brain. Because the tracts are made up of axons covered in myelin, they’re contained in the 
white matter. Collectively, they communicate the sensations of proprioception, touch, pain, 


pressure, and vibration. 


DID YOU KNOW 


Why do we need sleep? 
Scientists always knew that 
sleep was important, but they 
weren't really sure why. It 
appears that sleep opens up 
vascular areas of the brain 
between neurons. This open 


space allows cerebral spinal 
fluid (CSF) to rush in and 
“flush out” waste products. 
Indeed, it appears that CSF 
scrubs the brain free of debris 
while sleeping. CSF could 

be considered the brain’s 
housekeeper. 


PROPRIOCEPTORS: 


Sensory receptors in the 


muscles and joints that 
transmit information to the 
CNS. 


ISSA | Strength & Conditioning | 29 


CHAPTER 02 | NERVOUS SYSTEM 


Figure 2.13 Sensory and motor tracts 
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The sensory (ascending) tracts go up to the brain; the motor (descending) tracts travel down 
from the brain. The sensory and motor tracts are represented on each side of the spinal cord. 
This figure shows the cervical region of the spinal cord, since some of the tracts aren’t present 

farther down the cord. 


INTERNEURONS 


The nervous system is also able to inhibit muscles. To do this, interneurons have the 


capability, among many other duties, to inhibit other neurons. 


For a joint to move, the agonist muscle (primary muscle) must be activated while the 
antagonist is inhibited. During elbow flexion, the descending tracts send a signal to the motor 


neuron pool that activates the biceps while at the same time signaling the pool that inhibits 
INTERNEURONS: 


A nervous system cell that the triceps. There is an extra neuron—the interneuron—that functions as a roadblock. 
creates circuits between 


motor or sensory neurons, 
and within the brain and 
spinal cord. 
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Figure 2.14 Pathways that influence muscle activity 


DECENDING TRACTS 


upper motor neutrons 


The descending tracts activate 


Motor Cortex motor neuron pools that contract 
plan/initiate/direct movement muscles as well as interneurons 
that inhibit motor neuron pools to 
Brainstem the muscles that need to remain 
relaxed. 


contro! movement/posture 


| aS 


Interneurons Motor Neuron Pools 
lower motor neurons integration lower motor neurons 
| MUSCLE SPINDLE: 
A sensory receptor within the 
SKELETAL MUSCLES skeletal muscle belly that 


detects changes in muscle 
length. 


Sensory Receptors 


Interneurons are influenced by two sensory receptors in muscle: the muscle spindle and the 


GOLGI TENDON ORGAN 
Golgi tendon organ (GTO). (GTO): 


; ‘ es , a A sensory receptor within 
The muscle spindle is positioned parallel to muscle fibers, allowing it to lengthen or shorten the tendons of a muscle that 
detects changes in muscle 


in sync with the muscle. That’s its job: to detect changes in muscle length, due to alpha- Enson. 


gamma co-activation. 


When a muscle lengthens rapidly, a potentially injurious action, the muscle spindle sends a ALPHA-GAMMA 
CO-ACTIVATION: 


A process that allows a 
being stretched and the other with its antagonist. This stretch reflex circuit causes the muscle spindle to contract at 

the same rate as the muscle 
muscle that’s being stretched to contract and its antagonist to relax (Figure 2.12). where it resides. 


distress signal into the spinal cord. There it forms two synapses: one with the muscle that’s 


Figure 2.15 Stretch reflex circuit STRETCH REFLEX: 
A neural circuit that allows 
2. stp ene activation of a muscle to 
1. The muscle is initially sent to the spinal occur with simultaneous 
stretched > 


< i inhibition of its antagonist. 


3. The interneuron connects 
the afferent and efferent fibers 


Spinal corc 


sauce Ka 


4. Efferent signals are sent 
to the muscle to cause 
contraction 
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BASAL GANGLIA: 


Structures within the 


cerebrum that communicate 
with the motor cortex to help 
initiate movement. 


PARKINSON’S DISEASE: 


A movement disorder caused 
by a deficiency of dopamine in 
the basal ganglia. 


HUNTINGTON’S DISEASE: 


A movement disorder caused 
by damage to the cells of the 
basal ganglia. 


The Golgi tendon organ, located between the muscle and its tendon, detects changes in 
muscle tension. A muscle-generating force activates the GTO, which sends a signal to the 


spinal cord. The GTO thus helps regulate movement at all levels of force. 


To recap, sensory feedback from the muscle spindles and the GTOs relays information to 
the spinal cord and the brain. Interneurons integrate signals to inhibit the appropriate motor 


neuron pools. 


Figure 2.16 Interneurons are influenced by descending tracts and 
sensory feedback 
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Sensory Feedback SKELETAL MUSCLES 


Another example of a receptor is the joint kinesthetic receptors. They are located in joint 
capsules, which are sensitive to joint angles and rates of change in these angles. These 


receptors sense position and any movement in the joint being monitored. 


BASAL GANGLIA AND CEREBELLUM 


There’s a third part to the system. When the brain receives information from the muscles, 
it needs to respond by sending back instructions to fine-tune, coordinate, and otherwise 


regulate movement. 


In reference to a biceps curl, the basal ganglia would start the exercise by telling the 
descending tracts to activate the muscles that produce elbow flexion. It also regulates the 
smoothness and speed of the movement. If the basal ganglia become dysfunctional, it can 


result in movement disorders, such as Parkinson’s disease or Huntington’s disease. 
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The cerebellum both initiates and predicts movement. It then compares the actual motion to 
what it predicted and uses that information to both fine-tune the movement while it happens 
and to make better predictions in the future. So, while it doesn’t directly control movement, 
it influences it in real time and endeavors to make sure it works a little better the next time 


around. 


Figure 2.17 Motor system 


DECENDING TRACTS 


Parts of the motor system that 


upper motor neutrons collaborate to produce voluntary 
Motor Cortex and automatic movements. The 
plan/initiate/direct movement interneurons and motor neuron 


pools are part of circuits within 
the spinal cord and brainstem. 


Brainstem (Adapted from NEUROSCIENCE, 

control movement/posture Fifth Edition, Figure 16.1). 
Interneurons Motor Neuron Pools 
lower motor neurons integration lower motor neurons 


| 


SKELETAL MUSCLES 


The nervous system is important and relates to strength and conditioning because a muscle 
will only do what the nervous system tells it to do. If muscles were wheels on a bus, the 


nervous system would be the bus driver. 


Furthermore, research over the past few decades demonstrates that the way clients move 
can have a profound impact on the motor cortex. If a client’s brain is wired to perform a 
movement incorrectly, leading to pain and dysfunction, a coach should be able to help the 
client create new connections. Those connections, over time, will change the client’s brain 


structure and function and allow them to complete the movement correctly. 
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CHAPTER 03 


MUSCULAR 
SYSTEM 


LEARNING OBJECTIVES 


1 | Explain the structure and function of muscles. 


2 | Explain how the muscular system provides 


contractile forces to create movement. 
3 | Discuss the different types of muscle fibers. 


4 | Identify the muscles that move all the major joints 
in the body. 
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CARDIAC MUSCLE: 


Contraction tissue that makes 
up the walls of the heart. 


SMOOTH MUSCLE: 


Contractile tissue that 
regulates the gut and blood 
vessels. 


SKELETAL MUSCLE: 


Contractile tissue that 
produces force in the human 
body. 


VOLUNTARY ACTION: 


Muscle actions produced by 
conscious control. 


REFLEX ACTION: 


Muscle actions produced 
automatically without 
conscious control. 


The muscular system includes approximately 650 muscles. Muscles are categorized as 
three primary types: cardiac, smooth, and skeletal. Cardiac muscle makes up the walls of 
the heart; its contractions allow blood to circulate. Smooth muscle, found throughout the 
body, does the involuntary work of keeping organs and blood vessels running on autopilot. 


Skeletal muscle is the contractile tissue that produces voluntary action and reflex action. 


In a discussion on athleticism, the focus is on the actions of skeletal muscle. Here, the word 


muscle will relate specifically to “skeletal muscle.” 


ANATOMICAL REFERENCES—A QUICK GLANCE 


All human movement is referenced from the anatomical position (arms hanging at the sides, 
palms facing forward). While this is convenient, it is not practical since most movements are not 
initiated from this position; however, this is a simplistic way to describe and define movements 


as well as locate the positions of the muscles, bones, and various connective tissues. 


Table 3.1 Anatomical Terms 


Anterior or ventral the front of the body relative to another reference point 


Posterior or dorsal the back of the body relative to another reference point 


Superior above a reference point 

Inferior below a reference point 

Medial a position relatively closer to the midline of the body 
Lateral a position relatively farther away from the midline 
Proximal a position closer to a reference point 

Distal a position farther from a reference point 


Bilateral refers to both sides 
Unilateral refers to only one side 
Superficial near the surface 

Deep further beneath the surface 
Cephalic toward the head 

Caudal toward the bottom 

Prone lying facedown 

Supine lying on one’s backside 
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tendon orgin 


tendon insertion 
(below muscle) 


MUSCLE ATTACHMENTS 


Virtually every muscle in the body has two attachment points—described as an origin and 
an insertion—on two different bones. When a person stands in the anatomical position, the 
origin is the muscle attachment closest to the head and is the less movable attachment, 
while the insertion is closest to the feet and is the more movable attachment. Each end of a 


muscle connects to a bone through a tendon. 


Tendons are made of dense connective tissue formed by an abundance of type | collagen 
fibers, which provide the strength they need to transfer force between activated muscle and 


the bone to which it attaches. 


Like ligaments and joint capsules, tendons have a limited blood supply and low metabolism. 
Therefore, a tendon’s metabolism can increase when it’s physically loaded during movement, 
especially during resistance training. This is one important reason why medical professionals 


recommend exercise as soon as possible after an injury. 


Figure 3.1 Origin and insertion 


anterior deltoid biceps brachii 


tendon orgin 
(below muscles) 


tendon insertion 


ORIGIN: 


The attachment of a muscle 
closest to the head when 
viewed from the anatomical 
position and also the less 
movable attachment. 


INSERTION: 


The attachment of a muscle 


closest to the feet when 
viewed from the anatomical 
position and also the more 
movable attachment. 


TENDON: 


A strong connective tissue 
made primarily of collagen 
that connects muscle to bone. 


TYPE | COLLAGEN: 


A structural protein contained 
within a tendon. 


The origin and insertion points 

for the anterior deltoid. From the 
anatomical position as shown, 

the tendon’s origin is closer to the 
head (at the clavicle). The insertion 
is closer to the feet (at the deltoid 
tuberosity of the humerus). 
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EPIMYSIUM: 


Connective tissue that 
surrounds skeletal muscle to 
protect it from friction against 
other muscles and bones. 


DEEP FASCIA: 


A network of connective tissue 
throughout the body that 
envelops all bones, cartilage, 
blood vessels, muscles, and 
nerves. 


MUSCLE FIBER: 


A cell made up of many 
myofibrils that contracts when 
stimulated by the nervous 
system. 


FASCICLE: 


A bundle of muscle fibers 
contained within a skeletal 
muscle. 


PERIMYSIUM: 


Connective tissue that 
surrounds each fascicle within 
skeletal muscle. 


MYOFIBRIL: 


A rodlike unit of a muscle cell 
made up of sarcomeres. 


SARCOMERE: 


The functional unit of a 
skeletal muscle fiber. 


Z LINES: 


The outer borders of a 
sarcomere that move closer 
together during muscle 
contraction. 


SKELETAL MUSCLE STRUCTURE AND FUNCTION 


Muscles must first be activated by the nervous system. The muscle activation will then have 
an effect on a joint to move. A joint can either move (i.e., rotate around its axis) or remain 


static, depending on how much force the muscle produces. 


Each muscle is covered by a thin layer of connective tissue, the epimysium, similar to plastic 
wrapping around a steak. The epimysium protects the muscle from friction against other 
muscles or bones. This wrapping does more than provide protection. It’s connected to a layer 
of deep fascia. This means it’s like plastic wrapping around a steak that’s connected to all 


the other steaks on the shelf. Moving one of them inevitably affects the others. 


Skeletal muscle is made up of bundles of muscle fibers. Each bundle is a fascicle, which is 
covered by a layer of connective tissue called perimysium. Within the fascicle is a collection 


of muscle fibers, and each muscle fiber is made up of smaller myofibrils. 


Each myofibril contains sarcomeres, which are the functional units that can make the muscle 
fiber shorten. Sarcomeres are lined up in series within the myofibril to form a rodlike structure. 
If the myofibril were a yardstick, the sarcomeres would be the inch markers. The borders of 
the sarcomeres are then formed by a Z line, which we'll cover shortly. Each sarcomere can 
shorten only a minuscule distance, but the combined effect of all sarcomeres shortening at 


the same time causes the entire muscle to shorten significantly. 


Figure 3.2 Skeletal muscle 


Muscle 


Structure of 
Skeletal Muscle 


Structural and functional components of muscle. Muscle is made up of fascicles that contain 
bundles of muscle fibers. Each muscle fiber is a made up of myofibrils that contain sarcomeres, 
the functional units consisting of myosin and action, that allow it to contract. 
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The sarcomeres shorten due to the sliding of two muscle proteins, myosin and actin, past 
one another in a process called the cross-bridge cycle. This can be imagined as an overhead 
view of eight rowers in a boat, moving through a narrow stream. The movement of the oars is 
similar to myosin, while the water, which gives the oars something to grab against to create 
movement, is similar to actin. But in this analogy, the boat (i.e., myosin) wouldn’t move 
through water (i.e., actin). The boat would stay in place as the oars move water past it. This 


entire process is called the Sliding Filament Theory. 


Sliding Filament Theory 
+ According to the sliding filament theory of muscle contraction, skeletal muscle 
shortens because the thick and thin filaments slide past one another. The lengths 


of the individual thick and thin filaments do not change. 


- Muscle contraction occurs because myosin heads attach to and “walk” along 
the actin filaments at both ends of a sarcomere, progressively pulling the thin 


filaments toward the center of the sarcomere. 


+ The Z lines come closer together. As this occurs simultaneously in sarcomeres 


throughout the cell, the muscle fiber shortens. 


MUSCLE CONTRACTIONS 


There are two steps before a muscle contracts or relaxes. Using the arm curl exercise as 
an example, first, a signal is sent from the brain to the biceps. This signal causes the 
neurotransmitter acetylcholine to release in the biceps’ neuromuscular junction—the space 
between the nerve and muscle. Second, binding of acetylcholine to muscle results in a 
cascade of events that ends with calcium release within the muscle. This calcium release 
is fundamental to the cross-bridge cycle, the interaction between actin and myosin. When a 
muscle is at rest, actin has regulatory proteins wrapped around it, blocking any interaction 
with myosin. But when calcium levels elevate, it binds to those regulatory proteins, moving 
them out of the way so myosin can interact with actin. Therefore, calcium is necessary for 


the cross-bridge cycle. 


When a muscle is relaxed, myosin and actin aren’t in contact with each other. But as soon as 
calcium is released in the muscle, myosin’s club-shaped heads bind to actin. As the myosin 
heads move (i.e., cock), they pull actin closer together. Since actin proteins attach to the 


sarcomeres’ Z lines, they cause the sarcomere to shorten, as shown in Figure 3.3. 


MYOSIN: 


The thick myofilament 
contained within a sarcomere. 


ACTIN: 


The thin myofilament 
contained within a sarcomere. 


CROSS-BRIDGE CYCLE: 


A process where the myosin 
head attaches to actin to 
shorten the sarcomere. 


SLIDING FILAMENT 
THEORY: 


The explanation of how 
muscle contraction occurs. 


ACETYLCHOLINE: 


A neurotransmitter released 


in the neuromuscular junction 
that facilitates muscle 
contraction. 
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DID YOU KNOW 


Imagine a dead person—or 
its technical term, a corpse. 
Its skin is gray since blood 

no longer pumps through the 
body. And if that corpse has 
been lying around for more 
than four hours, its limbs 

are rigid due to rigor mortis 
(rigor means “stiffness” and 
mortis means “of death”). 
This rigidity is caused by 
myosin’s heads being locked 
against actin, as shown in the 
bottom of Figure 3.3. In order 
for myosin to release from 
actin, ATP is required, which 
causes the muscle to relax. 
Put another way, the depletion 
of ATP within muscle causes 
rigor mortis. 


ADENOSINE 
TRIPHOSPHATE (ATP): 


The molecular unit of energy 
that drives several processes 
within living cells. 


ADENOSINE 
DIPHOSPHATE (ADP): 


A hydrolyzed molecule of 
ATP with one less phosphate 
group used in molecular 
energy production. 


Figure 3.3 How the sarcomere contracts 


Thin (actin) Thick (myosin) 


filament filament 
Z Z Top: Sarcomeres are 


the functional units of a 
muscle fiber. Middle: The 
sarcomeres’ borders are 
formed by Z lines. At rest, 
myosin isn’t in contact with 
actin, so the sarcomere is 
relaxed. 


line line 


| tape | tape 


Soarcomere (relaxed muscle) 

Bottom: When muscle 
releases calcium, it binds 
to actin, which then allows 
the myosin heads to attach. 
The myosin heads cock, 
pulling the Z lines closer 
together. Titin is a protein 
that runs parallel to myosin 
and attaches to Z lines, 
which allows the sarcomere 
to stretch. 


Sarcomere (Contracted muscle) 


The cross-bridge cycle, like every action in the human body, requires energy. It’s provided 
by adenosine triphosphate (ATP) hydrolysis. ATP hydrolysis is the breakdown of ATP to 


adenosine diphosphate (ADP) to release energy stored within its phosphate bond. 


The following six steps are required for muscle contraction (i.e., shortening of the sarcomeres). 


This outlined process starts with the muscle in its contracted position, like it is during rigor mortis. 


Step 1: ATP binding. In this step the myosin head is bound to actin. Myosin’s 
heads are cocked, as shown in the bottom of Figure 3.3. ATP binds to myosin’s 


head, causing it to release from actin. 


Step 2: ATP hydrolysis. The breakdown of ATP to ADP plus one phosphate occurs 
on the myosin head. This hydrolysis provides the energy to move the myosin 


head from a cocked to an uncocked position. 


Step 3: Weak cross-bridge attachment. At this point, the myosin heads are 
uncocked. Each head has ADP plus one phosphate attached to it, which causes 


the head to make contact with actin, forming a weak cross-bridge attachment. 


Step 4: Release of phosphate from myosin. Now the phosphate removes from the 


myosin head, allowing it to form a stronger cross-bridge attachment with actin. 


ISSA | Strength & Conditioning | 40 


Step 5: Power stroke. The myosin necks cock, which then pulls the Z lines closer 


together. This is how the sarcomere shortens, as shown in the bottom of Figure 3.3. 


Step 6: ADP release. Finally, ADP releases from the myosin head. Myosin will remain in 
a cocked position and bound to actin until another ATP attaches, which then starts the 


process over at Step 1. Without ATP the muscle remains rigid in a state of rigor mortis. 


Figure 3.4 ATP Muscle Contraction 


{peep 


— = O 


CALCIUM REGULATION OF MUSCLE ACTIVATION 


Muscles will always have ATP available for muscle contractions. But ATP alone isn’t enough to 


run or jump. As a reminder, actin is blocked from interacting with myosin until calcium levels 


SARCOPLASMIC 
RETICULUM: 


Extracellular space (outside the muscle) A network of tubules within 
muscle that stores and 
releases calcium. 


elevate. There are two sources of this calcium: 


Intracellular space (within the muscle) 


Extracellular calcium enters through special channels; intracellular calcium is released EXCITATION- 
from the muscle’s sarcoplasmic reticulum. This calcium elevation, and subsequent muscle CONTRACTION 


contraction, is caused by the neural signal that was sent from your brain to the muscle, a Baill Mes 


A process that starts with a 
neural signal and ends with 
muscle contraction. 


process known as excitation-contraction coupling. 
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FIGHT-OR-FLIGHT 
RESPONSE: 


A physiological response that 
occurs in response to stress, 
which heightens cardiac 
output and muscle activity. 


CONCENTRIC ACTION: 


An action that occurs when an 
activated muscle shortens. 


ECCENTRIC ACTION: 


An action that occurs when an 
activated muscle lengthens. 


ISOMETRIC ACTION: 


An action that occurs when an 
activated muscle remains in a 
static position. 


PULLING FORCE: 


The force a muscle produces 
to shorten. 


RESISTANCE FORCE: 


An external force that opposes 
the force a muscle produces 
to shorten. 
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One of the many effects of the fight-or-flight response is a large rapid elevation in the muscle’s 
calcium, which allows it to contract with more force. When the muscle stops receiving a 
signal from the brain, it causes calcium to reabsorb into the sarcoplasmic reticulum, which 
allows it to relax. This entire process, regulated by calcium, underpins activation of all muscle 


types: cardiac, smooth, and skeletal. 


Importantly, muscle contractions can’t occur in the reverse order. In other words, when a 


muscle is activated, it can only shorten—or, more specifically, attempt to shorten. 


MUSCLE ACTIONS 


It is common to hear fitness professionals speak of muscle producing a “contraction.” But 
if “contraction” is with “shortening,” it is important to describe instances when a muscle 
lengthens, or remains in a static position, even though the fibers are working at full capacity. 
Therefore, one should think of muscle functions as actions rather than contractions. It gives 
us a better way to talk about the three possible actions a muscle can perform: 

Concentric action: when an activated muscle shortens. 

Eccentric action: when an activated muscle lengthens. 


Isometric action: when an activated muscle remains in a static position. 


Whether a muscle performs a concentric, eccentric, or isometric action depends on the relationship 


between the pulling force it produces and the resistance force it’s trying to overcome. 


A concentric action occurs when the pulling force a muscle generates is greater than the 
force applied by resistance in the opposite direction. This causes the muscle to shorten. 
An eccentric action occurs when the pulling force is less than the resistance force, and the 
muscle lengthens. An isometric action occurs when the pulling force equals the opposing 


force, and the muscle’s length remains constant. In all three actions, the muscle fibers are 


attempting to shorten, even if they lack the pulling force to do so. 


Figure 3.5 Eccentric action of elbow flexors 


The pulling force produced by 
the elbow flexors is less than 
the downward resistance 
force produced by the 
dumbbell. The elbow flexors 
will lengthen even though the 
brain is attempting to pull the 
forearm up. 


(brain tries to 
pull arm up) 


resistance 
force 
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THE ROLES OF MUSCLE 


The primary role of muscle is to apply force to bones and connective tissues. For this to 
happen, a muscle must develop tension. Most movements are driven by a collection of 
muscles, and each muscle is capable of playing a different role. It can function as an agonist, 


antagonist, or synergist, depending on the movement. 


AGONIST 
An agonist (prime mover) is the muscle or muscle group most directly involved in producing 
a movement. The biceps brachii is the agonist for elbow flexion, and the hamstring complex 


is the agonist for knee flexion. 


ANTAGONIST 
An antagonist performs an action opposite that of an agonist. The triceps extends the elbow 
joint, making it the antagonist to the biceps brachii, which flexes the elbow. The quadriceps 


are the antagonist in knee flexion. 


SYNERGISTS 

Synergists work together during movement and provide assistance to the agonist. Staying 
with the example of elbow flexion, the biceps brachii and brachialis muscles act as synergists. 
But other muscles are involved to produce movement. Even a movement as simple as elbow 
flexion requires synergistic contributions from muscle groups beyond the upper arms. When 
curling a dumbbell with the right arm, the muscles that cross the wrist joint must work to hold 
the weight in a neutral position, while muscles that act on the shoulder apply force to stabilize 


the joint. Still more muscle groups in the neck, back, and core work to stabilize the spine. 


Figure 3.6 Agonist, antagonist, and synergist actions 


bicepts 
brachii 


bicepts 
brachii 


brachialis 
triceps 


During elbow extension, the triceps 
contracts while the biceps brachii 
relaxes. The biceps brachii contracts 
during elbow flexion and the triceps 
relax. The synergist in elbow flexion 
is the brachialis muscle. 
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Force-Couple 

Muscular force-couple is another example of synergy. A force-couple occurs when two or more 
muscles concurrently generate force in different linear directions to produce one movement. 
To make a right turn on a bicycle, for example, the right arm must pull inward as the left arm 
pushes outward. Each arm produces force in a different direction, and yet it results in one 


movement. 


An example that’s more relevant to you as a coach is when the arm is lifted out to the 
side, the deltoid is activated and pulls upward on the head of the humerus. This action by 
itself would jam the head of the humerus up into the scapula, limiting the range of motion 
and causing impingement within the subacromial space. But when the supraspinatus acts 


synergistically by pulling the humerus inward, the resulting force-couple allows a greater 


range of motion while avoiding impingement. 


Figure 3.7 Force-couple at the glenohumeral joint 


A 


subacromial 
space 


When the deltoid contracts, it pulls 
the humerus upward, while the 
simultaneous contraction of the 
supraspinatus pulls the humerus 
inward. This force-couple offsets 
glenohumeral impingement when 
the arm is raised, allowing the 
humerus to rotate and elevate 
without restriction. 


Importantly, virtually every movement requires various muscles to play a different role at any 
given moment. For example, during the lifting phase of a dead lift, the spinal erectors work 
dynamically as an agonist to extend the spine; however, during the lowering phase, they fire 
isometrically as a stabilizer to maintain a neutral spine. The key point is that all muscles 
work synergistically during movement, and no single muscle plays just one role. This is why 
resistance training should be considered and approached from an integrated standpoint 


rather than isolated. 
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MUSCLE FIBER TYPES AND FUNCTIONAL CHARACTERISTICS 


An athlete’s speed, power, and endurance rely heavily on the type of fibers that make up the 
muscles. Humans have three primary types of muscle fibers: type |, type Ila, and type IIx. Type 
| slow-twitch fibers are smallest and produce the least force of the three. They are the main 
fiber type for an activity that’s below an athlete’s lactate threshold, such as walking or jogging 
for 30 minutes. Type Ila fast-twitch fibers are medium-sized and produce moderate to high 
amounts of force. They work with type | fibers during an activity, such as climbing 10 flights 
of stairs or walking up a long hill. Type IIx fast-twitch fibers are largest and produce the most 
force. They come into play mainly during short, quick bursts of high-intensity activity, such as 
a maximum vertical jump or heavy squat. The following are three additional factors that make 


each muscle fiber type unique: 


Shortening velocity: Type | muscle fibers contract slowest, while type IIx muscle 
fibers contract fastest. Type II muscle fibers, in general, have a shortening velocity 
that’s significantly faster than type I. For example, type Ila fibers can contract 
four times faster than type I, while type IIx can contract 10 times faster than type 
|. Maximal shortening velocity can be significantly improved with exercises that 


are performed at a high rate of speed. 


Mitochondrial density: The mitochondria produce the energy needed to fuel 
muscle actions. Therefore, a muscle’s mitochondrial density is an important 
factor that determines its endurance capabilities: the more mitochondria, 
the better capacity to produce contraction. Type | and type lla fibers have a 
large amount of mitochondria, while type IIx fibers have very little. Additional 


mitochondria can be created through training, in a process called mitochondrial 


bi is. C l | f mitochondrial density i iated with MITOCHONDRIAL 
iogenesis. Conversely, a loss of mitochondrial density is associated wi 

BIOGENESIS 
diabetes and cardiovascular disease. The formation of new 


mitochondria. 


Capillary density: Capillaries allow the exchange of oxygen and carbon dioxide 
within muscle. When muscle has a high amount of capillaries, it can take in 
more oxygen and remove more carbon dioxide. Type | fibers have the highest 
capillary density, type Ila have a moderate amount, and type IIx have very little. 


Capillarization is the formation of new capillaries through endurance exercise. 


ISSA | Strength & Conditioning | 45 


CHAPTER 03 | MUSCULAR SYSTEM 


The three factors that make a muscle fiber unique are shown in Table 3.1. 


Table 3.1 Characteristics of the three muscle fiber types 


SHORTENING MITOCHONDRIAL CAPILLARY 


VELOCITY DENSITY DENSITY 


Type lla Fast Moderate 


Type IIx Very fast Low 


Endurance athletes have a higher proportion of type | fibers, while strength-power athletes 


have a higher proportion of type lla fibers. The proportion of type IIx fibers appears to be 


determined by genetics and inactivity. 


Virtually every muscle has a mix of the three fiber types, but genetics and the way an athlete 
has been training can affect the ratio. In general, lower body muscles have the highest 
percentage of type | fibers. The soleus muscle in the calf complex has been shown to be 
as high as 90 percent type | muscle fibers. Upper body muscles have a higher percentage 
of type II fibers, but they have type | as well. Research demonstrates that the makeup of a 
person’s muscle fiber ratio can’t be changed to a large degree, but when there is a shift, it’s 
almost always toward higher-endurance characteristics. For example, type IIx muscle fibers 
have been shown to shift to type lla fibers, and type Ila can shift to type |. In either case, 
the muscle will contract slower but have greater endurance capabilities. Research doesn’t 
demonstrate a shift from type lla to type IIx, or type | to type II, from training. The only times 
an increase in type IIx fibers have been demonstrated was when the athlete reduced the 


training volume or stopped exercising altogether. 


Any athlete, regardless of sport, benefits from getting faster. Therefore, having the highest 
proportion of type IIx fibers is ideal since they contract fastest. But since type IIx fibers 
have the fewest mitochondria, an athlete with a large percentage of type IIx fibers will lack 
endurance. It’s theoretically possible to increase the amount of mitochondria in type IIx 
fibers through training, but for now the primary focus should be knowing that type | fibers 


DELAYED-ONSET can contract for many hours, type Ila for minutes, and type IIx fibers for only a few seconds. 


MUSCLE SORENESS: 


The discomfort felt 24 to 72 hours after a hard workout is delayed-onset muscle soreness, 


Discomfort felt in damaged 
muscle 24 to 72 hours after 
exercise. 


an umbrella term used to describe the muscular pain, stiffness, and tenderness that can 
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follow exercise. It’s most often caused by three circumstances: first when an exercise is 
performed for the first time or hasn’t been performed in weeks or months; second when 
there’s a significant increase in training intensity, such as adding 10 percent load compared 
to the previous workout; and third when the volume of exercise significantly increases, such 


as doing six sets instead of three. 


Decades ago, it was thought that lactate might be the cause of soreness. However, lactate 
levels return to normal within one to two hours after training ends, which refutes the theory. 
Soreness is caused by microtears within the muscle, which are a normal part of the training 


process. The body will repair the damage and make the muscle stronger within a few days. 


Another common myth is that a workout must make you sore to trigger muscle growth. This 
is not true. Many high-level athletes rarely experience soreness but are nonetheless able 
to keep building new muscle. Soreness shouldn’t be viewed as a training goal but as an 
inevitable side effect of adding a new exercise or changing the training parameters. So if a 


client likes to get sore after a workout, one should keep mixing things up. 


MUSCLE SIZE CHANGES 


A muscle can grow, shrink, or stay the same size. Hypertrophy means it has grown; atrophy 


HYPERTROPHY: 


means it has shrunk. Muscle consists of contractile and noncontractile elements. Myofibrils ; 
Growth of a muscle’s 


are the contractile elements, while glycogen and semifluid plasma are the noncontractile Eeonicoiciue o 
noncontractile elements. 


elements. Therefore, two forms of hypertrophy are possible: 


Myofibrillar hypertrophy: growth of the myofibrils, which increases a muscle’s force potential. ATROPHY: 
A decrease in the size of a 
muscle. 


Sarcoplasmic hypertrophy: an increase in volume of glycogen and semifluid plasma, which 


doesn’t increase a muscle’s force potential. 


Throughout the day, the body alternates between periods of muscle protein synthesis and 
muscle protein breakdown. Hypertrophy occurs when muscle protein synthesis is higher than MUSCLE PROTEIN 
protein breakdown over the course of a day. Amino acids are pulled from the blood, taken into SYNTHESIS: 


the muscle, and then used to build muscle proteins. Atrophy occurs when protein breakdown [MMS Sse aCe 
proteins from amino acids. 


is higher than protein synthesis. In this case, muscle proteins are broken down into amino 
acids and then released into the blood, where they’re used for other metabolic processes. MUSCLE PROTEIN 
These processes are shown in Figure 3.7. BREAKDOWN: 


A process of breaking down 
muscle proteins into amino 
acids. 
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Capillaries deliver amino acids 

to muscle. Amino acids trigger 
muscle protein synthesis, which 
forms muscle proteins. Conversely, 
muscle proteins can be broken 
down into amino acids and then 
released in the blood, where they're 
transported for other metabolic 
processes. 


SATELLITE CELLS: 


Cells that help muscle fibers 
grow and regenerate after 
exercise. 


PHYSIOLOGICAL CROSS- 
SECTIONAL AREA: 


The area of a muscle 
perpendicular to its fibers at 
its largest point. 


Figure 3.8 Muscle protein synthesis and breakdown 
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Capillary 
After a bout of high-intensity resistance exercise, muscle protein breakdown is increased for 
approximately four hours. But during the subsequent 24—36 hours, muscle protein synthesis 


is greater than breakdown, which results in a net protein balance that causes hypertrophy. 


MUSCLE GROWTH TRIGGERS 


Many theories have been put forth by scientists to explain what primarily drives hypertrophy during 


resistance training. Current research by Brad Schoenfeld, PhD, suggests three possible mechanisms: 


Mechanical tension: the mechanical stress within a muscle and its supporting tissues 


when it works against resistance. 
Metabolic stress: the buildup of lactate, protons (H+), and inorganic phosphates during exercise. 
Muscle damage: damage to the muscle fibers in response to high-volume or intense exercise. 


Empirical evidence suggests that mechanical tension might be the primary factor since 
hypertrophy often occurs without significant metabolic stress or damage to the muscle. 
It’s most likely, however, that a combination of the three aforementioned factors plays a 
role, depending on the type and intensity of exercise. Regardless of the trigger, hypertrophy 
occurs when the muscle’s satellite cells are activated. When a muscle is at rest or isn’t 
being challenged to any significant degree, satellite cells sit quietly on its fibers. But once 
mechanical tension, metabolic stress, or muscle damage occurs, satellite cells become 
active and donate their nuclei to the muscle fibers, causing them to grow. Satellite cells also 


aid other regulatory processes that facilitate repair, regeneration, and growth. 


Increasing a muscle’s physiological cross-sectional area is an important goal of training 
because it can produce more force, which can then improve an athlete’s speed, strength, and 
power. It’s currently theorized that training with heavy loads causes equal growth of type | and 
type Il muscle fibers, mainly by myofibrillar hypertrophy. Training with lighter loads for a high 
volume causes a greater increase in type | fibers as well as sarcoplasmic hypertrophy. For 


now, it is important to know that all muscle fiber types can grow with the right type of training. 
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SKELETAL MUSCLE GROUPS 


It is common for fitness enthusiasts to know the names of the body’s major muscle groups. 
Therefore, the next two illustrations should be a quick refresher as well as a reference when 


learning the more detailed information about muscle and fascia. 


DID YOU KNOW 


Muscle injuries account for 55 percent of sports injuries and 38 percent of work-related 


injuries. An ankle sprain is the most common sports-related injury, while hamstring 


injuries are most common overall. To make matters worse, a hamstring injury has a 30 
percent recurrence rate within the first year. Research demonstrates that by significantly 
improving the eccentric strength of an athlete’s hamstrings, one can reduce the rate of a 


future injury by 70 percent. 


Figure 3.9 Anterior view of major muscles 
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DID YOU KNOW 


The stapedius, located in the 
middle ear, is the smallest 
muscle in the body, which 
makes sense because it’s 


attached to the stapes, the 
smallest bone in the body. The 
gluteus maximus is the largest 
muscle. Not surprisingly, it’s 
also connected to the largest 
bone: the femur. 


Figure 3.10 Posterior view of major muscles 
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FASCIA 


About 55 to 75 percent of the human body is water, depending on the person's age, sex, 
and body composition. Muscle holds more water than fat does, which means men typically 
have more water than women, leaner people have more than those with a higher bodyfat 
percentage, and younger people have more than their elders. For most, fluid makes up the 
majority of body mass. One might ask, Why doesn’t it run downhill? Why doesn’t more of that 


fluid drain down into the feet and lower legs? 


The short answer is fascia. Fascia forms a soft-tissue net throughout the body, holding fluids 
where they need to be and ensuring that they remain evenly distributed from top to bottom 


and side to side. 


Fascia does much more than keep body fluid from sloshing around. It plays a vital role during 
movement, something that anatomy books and physical therapy programs often neglect. It’s 
crucial to understand how tissues acting on one part of the body can have important effects 


on other areas. 
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FASCIA STRUCTURE AND FUNCTION 
OVUM: 


The body begins as an ovum, a single cell that’s part of the female reproductive system. This The single cell in the female 


reproductive system that 


cell quickly divides into many more cells, and by day 14 of development, the embryo has a creates a human 


support structure, made up of fascia, that holds this constantly multiplying collection of cells 
together. Once the human body is fully formed, this original net of fascia functions like girdles PLANTAR FASCIITIS: 
and guy wires to provide an interconnected structure. A common cause of heel 
pain due to an irritation of 
the connective tissue on the 
Fascia, similar to ligaments and tendons, is a tough tissue composed primarily of collagen. bottom of the foot. 
Athletes who have suffered from plantar fasciitis—an irritation of the thick plantar 


aponeurosis on the bottom of each foot—know how much pain fascia can cause when it PAAR Tah hs 


A strong layer of connective 
tissue on the bottom of the 
foot. 


becomes stiff and unyielding. 


Sheaths of fascia sit directly beneath the skin, and from there they traverse through every 
part of the body. Because this matrix includes the tissues that cover skeletal muscles—the 
epimysium and perimysium—fascia connects seemingly unrelated parts, such as the foot to 


the hip or the wrist to the neck. Indeed, movement at any joint can have far-reaching effects. 


THE SEVEN CATEGORIES OF FASCIAL LINES 


In the groundbreaking book Anatomy Trains, physical therapist Thomas Myers describes 
seven primary lines of fascia within the body. Importantly, each fascial line connects with 
numerous bones and muscles along its path, and these connections are what form the 
complex matrix that links the body together during movement and posture. For the sake of 
simplicity, the following information describes the general path of each line of fascia, starting 


from the most distal point (farthest from the trunk). 


Superficial Back Line 
This fascial line runs from the bottom of the toes, up the back of the legs, along the spine, 


and over the top of the skull and attaches at the forehead. 


Superficial Front Line 


There are two parts of the superficial front line: 


+ The first part runs from the top of the toes, up the front of the legs and attaches 


at the front lateral aspect of the pelvis. 


+ The second part runs from the anterior medial aspect of the lower pelvis and up 
the medial aspect of the trunk; it splits at the top of the sternum to wrap up and 
around the lateral aspects of the neck; and then it merges to form a continuous 


loop around the back of the skull. 
ISSA | Strength & Conditioning | 51 


CHAPTER 03 | MUSCULAR SYSTEM 


Lateral Line 
This fascial line runs from the mid lateral aspect of the foot, up the lateral aspect of the leg 
and pelvis, underneath the rib cage, and up the lateral neck, where it attaches in two places 


behind the ear. 


Spiral Line 

The spiral line loops around the bottom of each foot like a long scarf, runs up the lateral 
aspect of the leg, and then takes two different routes at the hip. One track runs across the 
front of the pelvis, up and across the abdomen like a sash, around the upper rib cage and 
underneath the scapula on the opposite side, and up to the back of the skull on the same 


side it began. The other track crosses the back of the pelvis and runs up the spine until it 


attaches to the back of the skull. 


Arm Lines 


This category includes four lines: 


- The deep front arm line runs from the tip of the thumb, up the lateral arm, and 


across the shoulder and then attaches around the nipple. 


+ The superficial arm line runs from the tips of the fingers on the palm side, up to 
the medial elbow, up the medial upper arm and across the medial shoulder and 


attaches at the medial clavicle and all the way down the sternum. 


+ The deep back arm line runs from the outside of the little finger, up the forearm 
to the elbow, up the posterior upper arm, and across the posterior shoulder and 


attaches to the lower cervical and upper thoracic vertebrae. 


+ The superficial back arm line runs from the tips of the fingers on the back of 
the hand, up to the elbow and posterior upper arm, and across the top of the 
shoulder and attaches to the base of the skull, lower cervical, and midthoracic 


areas. 
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Functional Lines 


Myers describes three functional lines: 


+ The back functional line runs from the lateral aspect of the knee, up the posterior 
thigh, across the posterior pelvis, and over the lower half of the rib cage and 


scapula and attaches to the upper humerus. 


+ The front functional line runs from the posterior middle femur to the middle pelvis, 


up the medial abdomen, and out across the chest to the upper humerus. 


+ The ipsilateral functional line runs from the medial knee, up the inner thigh at a 
lateral angle that crosses the lateral pelvis, and over the lateral-posterior rib cage 


and attaches to the upper humerus. 


Deep Front Line 
This fascial line runs from the bottom of the toes, up the lower leg between the tibia and fibula, 
behind the knee, up the medial thigh, over the front of the pelvis, up through the rib cage, and up 


the anterior and lateral neck and attaches to the lateral aspect of the jaw and skull. 


While fascia lines can seem like a lot of information, what’s most important to know is that 
fascia connects seemingly unrelated body parts or structures together. A problem at one joint 


can, and often does, lead to problems in other areas. 


Another important point: Fascia contains nerve endings. These nerve endings allow it 


PROPRIOCEPTION: 


to provide input on both proprioception and pain. Therefore, fascia not only provides The sense of body position, 


effort, and motion. 


interconnectedness throughout the body; it also sends information to the brain regarding the 


sense of body position and the health of its soft tissue. 


MUSCLE CHARTS 


The following tables outline the muscles’ origins, insertions, and function(s), starting from 
the feet and moving up to the neck. It is helpful to refer to the tables often when navigating 


through the course and beyond as the information is put into practice. 
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Table 3.2 Foot muscles 


MUSCLE 


FOOT MUSCLES 


ORIGIN 


INSERTION 


ACTION 


Extensor digitorum 
brevis 


Calcaneus, dorsal 
surface 


Base of middle 
phalanges 2-4 


Extension of the toes (all 
except the small toe) 


Extensor hallucis 
brevis 


Calcaneus, dorsal 
surface 


Base of ist 
proximal phalanx 


Extension of the big toe 


Abductor hallucis 


Medial calcaneal 
tuberosity 


Base of ist 
proximal phalanx 


Abduction of the big toe 


Flexor hallucis brevis 
(medial head) 


Medial cuneiform 


Base of ist 
proximal phalanx 


Flexion of the big toe 


Flexor hallucis brevis 
(lateral head) 


Intermediate cuneiform 


Base of 1st 
proximal phalanx 


Flexion of the big toe 


Adductor hallucis 
(oblique head) 


Base of metatarsals 
2-4, cuboid, lateral 
cuneiform 


Base of 1st 
proximal phalanx 


Adduction of the big toe 


Adductor hallucis 
(transverse head) 


Transverse metatarsal 
ligament, metatarsal 
phalanges 3-5 


Base of ist 
proximal phalanx 


Adduction of the big toe 


Abductor digiti minimi 


Lateral calcaneal 
tuberosity 


Base of 5th 
proximal phalanx 


Abduction of the small toe 


Flexor digiti minimi 


Base of 5th metatarsal 


Base of 5th 
proximal phalanx 


Flexion of the small toe 


Flexor digitorum brevis 


Calcaneal tuberosity 


Middle 
phalanges 2-5 


Flexion of the 2nd, 3rd, 4th, 
and 5th toes 


Quadratus plantae 


Calcaneal tuberosity 


Lateral border of flexor 
digitorum longus tendon 


Flexion of toes 2, 3, 4, 
and 5 


Lumbricals 1-4 


Medial border of flexor 
digitorum longus 
tendons 


Dorsal 
aponeuroses 2-5 


Flexion of 
metacarpophalangeal 
joints, extension of 
interphalangeal joints 


Plantar interossei 1-3 


Medial border of 
metatarsals 3-5 


Medial base of proximal 
phalanges 3-5 


Flexion of 3rd, 4th, and 5th 
metatarsophalangeal joints, 
extension of 2nd and 4th 
toes 


Dorsal interossei 1-4 


Two heads from 
opposing sides of 
metatarsals 1-5 


Medial base of 2nd 
proximal phalange, 
lateral base of proximal 
phalanges 2-4 


Abduction of the toes 
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CALF AND SHIN 


Table 3.3 Lower leg muscles (anterior and posterior regions) 


ANTERIOR LOWER LEG (SHIN) MUSCLES 


MUSCLE 


ORIGIN 


INSERTION 


ACTION 


Tibialis anterior 


Upper lateral tibia 
interosseous membrane 


Medial cuneiform 


Dorsiflexion and 
inversion of the foot 


Extensor digitorum 
longus 


Anterior fibula, lateral tibial 
condyle, interosseous 
membrane 


Base of middle/ 
distal phalanges 
2-5 


Extension of 
toes 2-4, ankle 
dorsiflexion 


Extensor hallucis 
longus 


Medial fibula interosseous 
membrane 


Base of 1st distal 
phalanx 


Extension of big toe, 
ankle inversion, and 
dorsiflexion 


Peroneus (fibularis) 


Proximal lateral fibula, 


Medial cuneiform, 
base of 1st 


Eversion of the 
ankle, ankle 


MUSCLE 


ORIGIN 


POSTERIOR LOWER LEG (CALF) MUSCLES 


INSERTION 


longus heed ornbule metatarsal plantarflexion 
Peroneus (fibularis) Distal lateral fibula, Base of 5th Evērsion:ot the 
: . ankle, ankle 
brevis interosseous membrane metatarsal ; 
plantarflexion 
Peroneus (fibularis) ; Pay Base of 5th Eversioni otte 
È Distal anterior fibula ankle, ankle 
tertius metatarsal AA 
dorsiflexion 


ACTION 


Soleus 


Soleal line of tibia, head/ 
neck of fibula 


Calcaneal tuberosity 
via Achilles tendon 


Plantarflexion of the 
ankle 


Gastrocnemius 


Medial/lateral epicondyles 
of femur 


Calcaneal tuberosity 
via Achilles tendon 


Flexion of the knee, 
ankle plantarflexion 


Plantaris 


Lateral epicondyle of 
femur 


Calcaneal tuberosity 
via Achilles tendon 


Plantarflexion of the 
ankle, knee flexion 
(minimal) 


Tibialis posterior 


Posterior tibia, 
interosseous membrane, 
posterior fibula 


Navicular, medial/ 
intermediate/lateral 
cuneiforms, base of 

metatarsals 2-4 


Plantarflexion of 
the ankle, ankle 
inversion 


Flexor digitorum 
longus 


Middle posterior tibia 


Base of distal 
phalanges 
2-5 


Flexion of toes 2-4, 
ankle inversion and 
plantarflexion 


Flexor hallucis 
longus 


Distal posterior fibula, 
interosseous membrane 


Base of 1st distal 
phalanx 


Flexion of big toe, 
ankle inversion and 
plantarflexion 
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THIGH 


Table 3.4 Thigh muscles (anterior and posterior regions) 


POSTERIOR UPPER LEG (THIGH) MUSCLES 


MUSCLE ORIGIN INSERTION ACTION 


Biceps femoris 
(long head) 


Extension of hip, 
knee flexion 


Ischial tuberosity Head of fibula 


Biceps femoris 
(short head) 


Lateral lip of linea 
aspera 


Head of fibula Flexion of the knee 


Medial tibial 
condyle 


Extension of hip, 
knee flexion 


Semimembranosus Ischial tuberosity 


Ischial tuberosity, 
sacrotuberous 
ligament 


Medial of the tibial 
tuberosity 


Extension of hip, 


Semitendinosus : 
knee flexion 


Flexion of the knee 
(initiates) 


Posterior tibial 
surface 


Lateral femoral 


Popliteus condyle 


ANTERIOR UPPER LEG (THIGH) MUSCLES 


MUSCLE ORIGIN INSERTION ACTION 


Anterior inferior iliac 
spine, acetabular 
roof 


Tibial tuberosity 
via patellar 
tendon* 


Flexion of hip, knee 


Rectus femoris A 
extension 


Extension of the 
knee 


Medial lip of linea 
aspera 


Tibial tuberosity 
via patellar tendon 


Vastus medialis 


Extension of the 
knee 


Lateral lip of linea 
aspera 


Tibial tuberosity 


vesis leteri via patellar tendon 


Tibial tuberosity 
via patellar tendon 


Extension of the 
knee 


Vastus intermedialis Anterior femur 


*The patellar tendon is sometimes referred to as a patellar ligament since it connects the 


patella to the tibia (i.e., bone-to-bone attachment). 
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Table 3.5 Hip muscles 
HIP MUSCLES 


MUSCLE 


ORIGIN 


INSERTION 


ACTION 


Psoas major 


Lateral surface of 
T12-L4 vertebral 


Lesser trochanter 


Flexion of the hip 


(iliopsoas) bodies 
lliacus (iliopsoas) lliac fossa Lesser trochanter Flexion of the hip 
Hip flexion, 
i Anterior superior iliac Proximal medial abduction, lateral 
Sartorius ; ae i ; 
spine tibia rotation, and flexion 
of the knee 
: Sacrum, posterior Extension of the hip, 
Gluteus maximus me aor F 
iliac crest, lliotibial tract hyperextension, and 


(upper portion) 


thoracolumbar fascia 


lateral rotation 


Gluteus maximus 
(lower portion) 


Sacrum, 
thoracolumbar 
fascia, sacrotuberous 


Gluteal tuberosity 


Extension of the hip, 
hyperextension, and 
lateral rotation 


ligament 
Gluteus medius SUpenOtE Uieal crearen Abduction of the hip 
surface of ilium trochanter 
Pae Inferior gluteal Greater Abduction of the hip, 
Gluteus minimus ae i ; 
surface of ilium trochanter medial rotation 
i Anterior superior iliac Lateral tibial Flexion of the hip 
Tensor fascia latae f ; 
spine condyle and abduction 
Piriformis Anterior surface of Greater Lateral rotation of 
(deep rotators) sacrum trochanter the hip 
Gemellus superior e : Medial greater Lateral rotation of 
Ischial spine 


(deep rotators) 


trochanter 


the hip 


Obturator internus 
(deep rotators) 


Inner surface of 
obturator membrane 


Medial greater 
trochanter 


Lateral rotation of 
the hip 


Gemellus inferior 
(deep rotators) 


Ischial tuberosity 


Medial greater 
trochanter 


Lateral rotation of 
the hip 


Obturator externus 
(deep rotators) 


Quadratus femoris 
(deep rotators) 


Outer surface of 
obturator membrane 


Ischial tuberosity 


Trochanteric 
fossa 


Intertrochanteric 
crest 


Lateral rotation of 
the hip 


Lateral rotation of 
the hip 
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MUSCLE 


HIP MUSCLES (CONTINUED) 


ORIGIN 


INSERTION 


ACTION 


Pectineus 


Superior pubic ramus 


Proximal linea 
aspera 


Flexion of the hip 
and adduction 


Adductor longus 


Superior pubic ramus 


Medial lip of linea 
aspera 


Adduction of the hip 


Adductor brevis 


Inferior pubic ramus 


Medial lip of linea 
aspera 


Adduction of the hip 


Adductor magnus 
(anterior portion) 


Inferior pubic ramus 
and ischial ramus 


Adductor tubercle 
of femur 


Adduction of the hip 


Adductor magnus 
(posterior portion) 


Ischial ramus and 
ischial tuberosity 


Medial lip of linea 
aspera 


Adduction of the hip 


Gracilis 


Inferior pubic ramus 


Anterior medial 
tibial head 


Adduction of the hip 


Rectus femoris 


Anterior inferior iliac 
spine and acetabular 
roof 


Tibial tuberosity 


Flexion of the hip 
and knee extension 


Biceps femoris 
(long head) 


Ischial tuberosity 


Head of fibula 


Extension of the hip 
and knee flexion 


Semimembranosus 


Ischial tuberosity 


Medial tibial 
condyle 


Extension of the hip 
and knee flexion 


Semitendinosus 


Ischial tuberosity 


Pes anserinus 


Extension of the hip 
and knee flexion 
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Table 3.6 Abdominals/low back/spinal erectors 


ABDOMINAL/TRUNK MUSCLES 


MUSCLE 


ORIGIN 


INSERTION 


ACTION 


Rectus abdominis 


Pubis 


Ribs 5-7, xiphoid 
process 


Flexion of the trunk, 
abdominal compression 


External oblique 


Posterolateral ribs 


lliac crest, linea 


Bilateral flexion of the 
trunk and abdominal 
compression, unilateral 


ae alba bending (laterally) and 
rotation to opposite side 
Bilateral flexion of the 
lliac crest, : À ; trunk an abdominal 
: Linea alba, inferior ‘ 3 
Internal oblique thoracolumbar : compression, unilateral 
: ribs j 
fascia bending (laterally) and 
rotation to same side 
Transversus Ribs: ele 5 Compression of the 
Les thoracolumbar Linea alba 
abdominis abdomen 


fascia, iliac crest 


LOW BACK AND SPINAL ERECTOR MUSCLES 


MUSCLE 


ORIGIN 


INSERTION 


ACTION 


Upper lumbar 


Quadratus R transverse Lateral bending of the 
lliac crest 
lumborum processes, 12th trunk 
rib 
Lumbar to cervical 
g Lumbar to cervical transverse Lateral bending of the 
Intertransversarii transverse processes of 
i n neck and trunk 
processes adjacent superior 


vertebrae 


Interspinales 


Lumbar to cervical 
spinous processes 


Lumbar to cervical 
spinous processes 
of adjacent 
superior vertebrae 


Extension of the neck and 
trunk 


Rotatores 


Lumbar to cervical 
transverse 
processes 


Lumbar to cervical 
spinous processes 


Bilateral extension of the 
neck and trunk, unilateral 
rotation of the neck and 
trunk to opposite side 
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ABDOMINAL/TRUNK MUSCLES (CONTINUED) 


MUSCLE 


ORIGIN 


INSERTION 


ACTION 


Multifidus 


Sacrum, lower 
lumbar to lower 
cervical transverse 
processes 


Spinous processes 
of vertebrae 2-5 
superior to origin 


Bilateral extension of the 

neck and trunk, unilateral 
rotation of the neck and 
trunk to opposite side 


Semispinalis 


Lower thoracic 
to lower cervical 
transverse 
processes 


Upper thoracic 
spinous processes 
to occipital bone 


Bilateral extension of the 
neck and trunk, unilateral 
rotation of the neck and 
trunk to opposite side 


Spinalis 
(erector spinae) 


Upper lumbar and 
lower thoracic 
spinous processes 


Upper thoracic 
spinous processes 


Bilateral extension of the 
next and trunk, unilateral 
neck and trunk bend 
(laterally) 


Longissimus 
(erector spinae) 


Lumbar to lower 
cervical transverse 
processes 


Thoracic spinous 
processes and 
lower 9 ribs to 

mastoid process 


Bilateral extension of the 
next and trunk, unilateral 
neck and trunk bend 
(laterally) 


lliocostalis 
(erector spinae) 
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lliac crest to upper 
ribs 


Lower ribs to lower 
cervical transverse 
processes 


Bilateral extension of the 
next and trunk, unilateral 
neck and trunk bend 
(laterally) 


SHOULDER 


Table 3.7 Shoulder girdle muscles (anterior and posterior) 


POSTERIOR SHOULDER GIRDLE MUSCLES 


MUSCLE 


Upper trapezius 


ORIGIN 


Occipital bone, 
C1-C7 spinous 
processes 


INSERTION 


Lateral clavicle, 


acromion process 


ACTION 


Elevation of the scapula 
and upward rotation 


Middle trapezius 


C7-T3 spinous 
processes 


Scapular spine 


Retraction of the scapula 


Lower trapezius 


T4-T12 spinous 
processes 


Medial scapular 


spine 


Depression of the 
scapula and upward 
rotation 


Rhomboid major 


T1-T4 spinous 
processes 


Medial border of 


scapula above 
scapular spine 


Retraction of scapula, 
elevation, and downward 
rotation 


Rhomboid minor 


Levator scapulae 


C6-C7 spinous 
processes 


C1-C4 
transverse 
processes 


Medial border of 


scapula below 
scapular spine 


Superior angle of 


scapula 


Retraction of scapula, 
elevation, and downward 
rotation 


Elevation of the scapula 
and downward rotation 


ANTERIOR SHOULDER GIRDLE MUSCLES 


MUSCLE 


Sternocleidomastoid 


ORIGIN 


Manubrium, 
medial clavicle 


INSERTION 


Lateral clavicle, 
acromion 


ACTION 


Bilaterally flexes the next 
and hyperextends the 
head. Unilaterally bends 
the neck and rotates the 
face to the opposite side 


Subclavius 


Superior surface 
of 1st rib 


Inferior/lateral 


surface of clavicle 


Depression of clavicle 
and elevation of 1st rib 


Pectoralis minor 


Anterior surface 
of ribs 3-5 


Coracoid process of 


scapula 


Depression of the 
scapula, protraction, 
downward rotation, and 
tilt 


Serratus anterior 
(superior portion) 


Lateral surface 
of ribs 5-9 


Medial border 


scapula, inferior 


angle 


Protraction of scapula 
and upward rotation 


Serratus anterior 
(inferior portion) 


Lateral surface 
of ribs 5-9 


Medial border of 
scapula, inferior 


angle 


Protraction of scapula 
and upward rotation 
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SHOULDER (GLENOHUMERAL JOINT) 


Table 3.8 Muscles with actions at the glenohumeral joint 


MUSCLE 


Anterior deltoid 


GLENOHUMERAL JOINT MUSCLES 


ORIGIN 


Lateral clavicle 


INSERTION ACTION 


Abduction of the shoulder, 
flexion, medial rotation, and 
horizontal adduction 


Deltoid tuberosity 
of humerus 


Middle deltoid 


Acromion process 


Deltoid tuberosity 
of humerus 


Abduction of the shoulder 


Posterior deltoid 


Scapular spine 


Abduction of the shoulder, 
extension, hyperextension, 
lateral rotation, and 
horizontal abduction 


Deltoid tuberosity 
of humerus 


Coracobrachialis 


of scapula 


Coracoid process 


Medial humerus Shoulder stability 


Teres major 


Pectoralis major 
(clavicular 
portion) 


Inferior angle of 
scapula 


Medial clavicle 


Extension of the shoulder, 
adduction, and medial 
rotation 


Medial border of 
bicipital groove 


Lateral border of 
bicipital groove 


First 60 degrees of 
shoulder flexion 


Pectoralis major 
(sternal portion) 


Sternum and 
costal cartilages 
of ribs 1-6 


Lateral border of 
bicipital groove 


First 60 degrees of 
shoulder extension 


Latissimus dorsi 


T7-L5 spinous 
processes, 
thoracolumbar 
fascia, posterior 
iliac crest, ribs 
9-12, inferior 
angle of scapula 


Extension of the shoulder, 
adduction, medial rotation, 
and hyperextension 


Medial floor of 
bicipital groove 
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Table 3.9 Rotator cuff muscles 


MUSCLES OF THE ROTATOR CUFF 


MUSCLE ORIGIN INSERTION ACTION 
Supraspinatus Supraspinous Greater tuberositysh Abduction of the shoulder 
fossa humerus 
, Infraspinous Greater tuberosity of Lateral rotation orne 
Infraspinatus shoulder, horizontal 
fossa humerus S 
abduction 
: Lateral border of Greater tuberosity of pail rotation otte 
Teres minor shoulder, horizontal 
scapula humerus 
abduction 
: Subscapular Lesser tuberosity of Medial rotation of the 
Subscapularis 
fossa of scapula humerus shoulder 


UPPER ARM 


Table 3.10 Brachium (upper arm) muscles 


POSTERIOR BRACHIUM (UPPER ARM) MUSCLES 


MUSCLE ORIGIN INSERTION ACTION 


Olecranon 
process 


Triceps brachii 
(long head) 


Infraglenoid tubercle of 
the scapula 


Extension of the elbow 


Olecranon 
process 


Triceps brachii 
(medial head) 


Distal posterior surface 
of humerus 


Extension of the elbow 


Triceps brachii Proximal posterior Olecranon 


Extension of the elbow 


(lateral head) surface of humerus process 
Lateral epicondyle of Olecranon Extension of the elbow 
Anconeus 3 
humerus process (assists) 


ANTERIOR BRACHIUM (UPPER ARM) MUSCLES 


MUSCLE ORIGIN INSERTION ACTION 


Coracoid process of the 
scapula 


Coracobrachialis Medial humerus Shoulder stability 


Flexion of the elbow and 
forearm supination 


Biceps brachii 
(long head) 


Supraglenoid tubercle of 
the scapula 


Radial tuberosity 


Flexion of the elbow and 
forearm supination 


Biceps brachii 
(short head) 


Coracoid process of the 
scapula 


Radial tuberosity 


Brachialis Distal anterior humerus Ulnar tuberosity Flexion of the elbow 
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FOREARM 


Table 3.11 Antebrachium (forearm) muscles 


POSTERIOR ANTEBRACHIUM (FOREARM) MUSCLES 


MUSCLE 


Brachioradialis 


ORIGIN INSERTION 


Lateral supracondylar ridge of 
humerus 


Styloid process of 
radius 


ACTION 


Flexion of the elbow 


Extensor carpi 
radialis longus 


Base of 2nd 
metacarpal 


Lateral supracondylar ridge of 
humerus 


Extension of the wrist and 


radial deviation 


Extensor carpi 
radialis brevis 


Base of 3rd 
metacarpal 


Lateral epicondyle of humerus 


Extension of the wrist 


Supinator 


Lateral epicondyle of humerus, 
supinator crest of ulna 


Anterior proximal 
radius 


Supination of the forearm 


Extensor 
digitorum 


Middle/distal 
phalanges 2-5 


Lateral epicondyle of humerus 


Extension of the three 
finger joints 


Extensor digiti 
minimi 


5th middle/distal 
phalange 


Lateral epicondyle of humerus 


Extension of all three 
joints of the 5th finger 


Extensor carpi 
ulnaris 


MUSCLE 


Pronator teres 


Base of 5th 
metacarpal 


Lateral epicondyle of humerus, 
posterior ulna 


ORIGIN INSERTION 


Lateral surface of 
radius 


Medial epicondyle of humerus, 
coronoid process of ulna 


Extension of the wrist and 


Pronation of the forearm 
and elbow flexion (assists) 


ulnar deviation 


ANTERIOR ANTEBRACHIUM (FOREARM) MUSCLES 


ACTION 


Flexor digitorum 
superficialis 


Side of middle 
phalanges 
2-5 


Medial epicondyle of humerus, 
coronoid process of ulna, and 
radius 


Flexion of the upper two 
joints in the fingers 


Flexor carpi 
radialis 


Base of 2nd and 
3rd metacarpals 


Medial epicondyle of humerus 


Flexion of the wrist and 
radial deviation 


Flexor carpi 
ulnaris 


Pisiform, hook of 
hamate 


Medial epicondyle of humerus, 
olecranon 


Flexion of the wrist and 
ulnar deviation 


Palmaris 
longus 


Flexor digitorum 
profundus 


Palmar 
aponeurosis 


Medial epicondyle of humerus 


Proximal anterior ulna, 
interosseous membrane 


Distal phalanges 
2-5 


Flexion of all three joints 


Flexion of the wrist 
(assists) 


of the fingers 


Flexor pollicis 
longus 


Anterior radius, interosseous 


Distal 1st phalanx 
membrane 


Flexion of all three joints 


in the thumb 


Pronator 
quadratus 


Distal anterior 
surface of radius 


Distal anterior surface of ulna 


Pronation of the forearm 
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HAND 


Table 3.12 Hand muscles 


MUSCLE 


HAND MUSCLES 


ORIGIN 


INSERTION 


ACTION 


Abductor pollicis 
brevis 


Flexor retinaculum, 
scaphoid, trapezium 


Base of 1st proximal 
phalanx 


Abduction of the 
thumb 


Adductor pollicis: 
transverse head 


3rd metacarpal 


Base of 1st proximal 
phalanx 


Adduction of the 
thumb 


Adductor pollicis: 
oblique head 


Base of 2nd 
metacarpal, capitate 


Base of 1st proximal 
phalanx 


Adduction of the 
thumb 


Flexor pollicis brevis 


Flexor retinaculum, 
capitate, trapezium 


Base of 1st proximal 
phalanx 


Flexion of the first 
two joints in the 


phalanx 


thumb 
ie Trapezium, flexor Opposes the 
Opponens pollicis retinacalüm 1st metacarpal thumb 
Abduction of the 
Abductor digiti minimi Pisiform Bass of athiproximal first joint of the 


5th finger 


Flexor digiti minimi 


Hook of hamate, flexor 
retinaculum 


Base of 5th proximal 
phalanx 


Flexion of the first 
two joints of the 
5th finger 


Opponens digiti 
minimi 


Hook of hamate 


5th metacarpal 


Extension of all 
three joints in the 
5th finger 


Palmaris brevis* 


Palmar aponeurosis 


Skin of hypothenar 
eminence 


Steadies the skin 
of the palm (for 
grip) 


*Not everyone has a palmaris brevis. 
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NECK/HEAD 


Table 3.13 Anterior/lateral neck and suboccipital (posterior skull) muscles 


ANTERIOR/LATERAL NECK MUSCLES 


MUSCLE 


Sternocleidomastoid 


ORIGIN 


Manubrium, 
medial clavicle 


INSERTION 


Mastoid process, 
superior nuchal 
line 


ACTION 


Bilateral flexion of the 
neck, hyperextension 

of the head; unilateral 

neck bending (laterally) 
and rotates face to the 
opposite side 


Scalenus anterior 


C3-C6 transverse 
processes 


1st rib 


Bilateral flexion of the 
neck, unilateral neck 
bending (laterally) 


Scalenus medius 


C2-C7 transverse 
processes 


1st rib 


Bilateral flexion of the 
neck, unilateral neck 
bending (laterally) 


Scalenus posterior 


C5-C6 transverse 
processes 


2nd rib 


Bilateral flexion of the 
neck, unilateral neck 
bending (laterally) 


Platysma 


Superior fascia of 
deltoid/ pectoral 
regions 


Inferior border of 
mandible 


Depression of the 
mandible 


SUBOCCIPITAL (POSTERIOR SKULL) MUSCLES 


MUSCLE 


Rectus capitis 
posterior, major 


ORIGIN 


Spinous process 
of the axis C2 


INSERTION 


Inferior nuchal 
line 


ACTION 


Extension of the atlanto- 
occipital joint, rotation 


Rectus capitis 
posterior, minor 


Posterior arch of 
atlas C1 


Inferior nuchal 
line 


Extension of the atlanto- 
occipital joint, rotation 


Obliquus capitis, 
superior 


Transverse 
process of atlas 
C1 


Occipital bone 


Flexion (lateral) of the 
atlanto-occipital joint 


Obliquus capitis, 
inferior 


Spinous process 
of the axis C2 


Transverse 
process of the 
atlas C1 


Rotation of atlanto-axial 
joint 
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SKELETAL SYSTEM AND 
JOINT ACTIONS 


CHAPTER 04 


LEARNING OBJECTIVES 


1 | Describe the human skeletal system structure 
and function. 


2 | Identify how the functions of the skeletal system 
interact. 


3 | Explain how bones and tissues can grow, repair, 


and remodel. 


4 | Define joints, their actions, and the muscles that 
drive those actions. 
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ORGAN SYSTEM: 


A group of organs and tissues 


working together to perform 
specific functions. 


SKELETAL FUNCTION 


The skeletal system serves many roles required for optimum health, movement, and 


The framework of the body includes 206 bones, along with associated cartilage and joints. 
Bones can be thought of as a relatively lifeless tissue, but this is not the case. The skeleton 


is a living organ system that can grow, repair, and remodel. 


protection. There are five primary functions of the skeletal system: 


Movement: Bones come together to form joints that allow motion. 


Structure and support: The skeleton provides the structure and support needed 


for movement. This structure separates humans from amoebas or jellyfish. 


Protection: Without the skeleton, such essential organs as the brain, spinal 


cord, heart, and lungs would have no protection. 


Calcium storehouse: Calcium and other minerals are stored within bone. 


Blood cell production: Marrow within bone produces blood. 


Importantly, these five functions compete with one another. Here are two examples: 


+ For bones to be strong, they must also be relatively heavy. But that makes 


movement more challenging, since lighter bones would be easier to transport. 


- Bones need to be solid to provide protection, and to be solid they need calcium. 


But when calcium is pulled from bone for the benefit of the muscles or nervous 
system, bones can become weaker, which reduces their ability to protect the 


aforementioned organs. 


Despite those challenges, the skeletal system can adapt to competing demands. 


Figure 4.1. Skeletal system of the human body 
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SKELETAL STRUCTURE 


The bones that make up the human framework can be divided into the axial skeleton and 


AXIAL SKELETON: 


The bones of the skull, 


vertebral column, sternum, rib 


appendicular skeleton. The axial skeleton is composed of 80 bones from the skull, vertebral 
cage, and sacrum. 


column, rib cage, sternum, and sacrum. The remaining 126 bones of the upper and lower 


extremities form the appendicular skeleton. These skeletons are shown in Figure 4.2. APPENDICULAR 
SKELETON: 
Figure 4.2. Axial skeleton and appendicular skeleton Bones of the upper and lower 


extremities 


WT 


Appendicular Skeleton Axial Skeleton 
The size and shape of human bones can vary greatly, depending on the role they play. The 
largest bone in the body is the femur. In an average male, it’s approximately 18.9 inches long 
and 0.92 inches in diameter. The smallest bone is the stapes, located within the ear. It’s 


approximately 3 x 2.5 millimeters. Based on their shape, bones are classified in five ways: 


e Long bones: Hard, dense bones that provide strength, structure, and mobility. A 
long bone has a shaft and two ends. They are longer than they are wide with a 


cylinder shape. 


e Flat bones: Protect the internal organs and provide a large surface area for 


muscles to attach. They are somewhat flat and thin but may be curved, as in the ribs. 


e Short bones: Their primary function is to provide support and stability with little 


to no movement. In the body, they are typically cube shaped. 


e Sesamoid bones: A small independent bone or bony nodule developed in a tendon 
where it passes over an angular structure, typically in the hands and feet. They 


reinforce and protect tendons from stress and wear and tear. 


e Irregular bones: Because of their peculiar form, they cannot be grouped as long, 
short, flat, or sesamoid bones. They help protect vital organs. They have complex 


shapes, like the vertebrae. 
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Table 4.1. Bone shape classification 


FUNCTION SHAPE LOCATION AND NAME 
Somewhat Skull 7 Thoracic cage 
ý + Occipital + Sternum 
Protect organs and flat and thin É : 
: - Parietal + Ribs 
Flat provide a large but may be : 
+ Frontal * Pelvis 
Bones surface area for curved 
muscles to attach Nasal "i Goxa] 
+ Lacrimal + Shoulder 
+ Vomer + Scapula 
Wrist Ankles 
+ Scaphoid + Calcaneus 
+ Lunate + Talus 
+ Triquetral + Navicular 
Short Provide stability and Cube + Hamate + Cuboid 
Bones limited movement shaped + Pisiform + Lateral cuneiform 
+ Capitate + Intermediate 
+ Trapezoid cuneiform 
* Trapezium + Medial 
cuneiform 
Lower extremity Upper extremity 
Cylindrical, + Tibia + Humerus 
Long Support body longer than + Fibula + Radius 
weight and facilitate 
Bones ovement they are + Femur + Ulna 
wide + Metatarsals + Metacarpals 
+ Phalanges + Phalanges 
Sesamoid Reinforce and Small and Knee joint 
protect tendons from 
Bones round - Patella 
stress and wear 
Spinal column Pelvis 
Complex . 
Irregular - Vertebrae + Pubis 
Protect organs and : 
Bones . | -Ilium 
mrega * Ischium 
Figure 4.3. Types of bones 
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VERTEBRAL (SPINAL) COLUMN 


FACET JOINTS: 


The vertebral (spinal) column, within the axial skeleton, consists of five different regions: The joints between two 
adjacent vertebrae that guide 
and restrict movement of the 
vertebral column. 


cervical, thoracic, lumbar, sacrum, and coccyx. These five regions are made up of 33 
vertebrae. From that total, 24 of the vertebrae can move independently, while the other 9 are 
fused (5 within the sacrum and 4 within the coccyx). Movement between 2 adjacent vertebrae 


is made possible by facet joints. Generally speaking, the facet joints are arranged throughout 


SPINOUS PROCESS: 


The bony protrusion on the 


the spine to guide flexion and extension and to limit rotation, especially in the lower portion posterior surface of a vertebra 


where muscles and ligaments 


of the vertebral column. Each vertebra within the cervical, thoracic, and lumbar regions attach. 


consists of three bony protrusions—one spinous process on the back of the vertebrae and 


two transverse processes on either side, where muscles and ligaments attach. 


Figure 4.4. Vertebral (spinal) column 
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BONE FUNCTIONS 


TRANSVERSE PROCESS: 


The bony protrusion on 


the right and left side of a 
vertebra where muscles and 
ligaments attach. 


he 
= 

Fa 
ER 


The vertebral column consists 
of 7 cervical, 12 thoracic, and 5 
lumbar vertebrae that can move 
independently. The sacrum and 
coccyx move as one unit since 
their vertebrae are fused. 


Bones are not fragile things that are light, brittle, or easily broken. Living bones—that is, 


bones within a living human—are heavier, stronger, and more durable. Living bones are full of 


vessels transporting nutrients, which make them highly adaptable organs capable of growth, 


repair, and remodeling. 


ISSA | Strength & Conditioning | 73 


CHAPTER 04 | SKELETAL SYSTEM AND JOINT ACTIONS 


OSSIFICATION: 


The hardening process of 
bones during development. 


EPIPHYSEAL PLATE: 


The location of bone growth 
near the end of immature 
bones. 


EPIPHYSEAL LINE: 


A line of cartilage near the 
end of mature long bones. 


GROWTH 


Bones are initially developed in the form of cartilage. After birth and throughout physical 
development, the softer cartilage is slowly replaced by harder bone through a process called 
ossification. Therefore, it is more difficult to break a bone at age 4 than at age 40. The 
hardening process continues until full physical maturation somewhere between the ages of 


18 and 25. 


Bones not only get harder during development; they also grow longer. The increase occurs at 
the epiphyseal plate, where cartilage cells divide and push the newly formed cells toward the 
shaft of the bone. The cartilage cells eventually become mature bone cells, which increase 
the bone’s length. Growth stops when the epiphyseal plate closes and forms an epiphyseal 
line. At this point, it’s not possible for the bone to grow longer. Each long bone within the 


appendicular skeleton has an epiphyseal line at each end, as shown in Figure 4.5. 


DID YOU KNOW 


You’ve probably heard that weight training will stunt a child’s growth. It is unclear where 


this hypothesis came from, but it’s pervasive in society. All forms of exercise, from running 


to lifting weights to lifting heavy objects, enhances a child’s development by strengthening 


the skeleton and muscles. 


“There’s absolutely no evidence that weight training will stunt a child’s growth,” says 
George Salem, PhD, associate professor at the University of Southern California’s Division 
of Biokinesiology and Physical Therapy. “When you see short athletes in gymnastics or 
weight training, it’s due to genetics.” In other words, the young athletes that grew taller 


didn’t make the cut. 


Figure 4.5. Epiphyseal lines of the femur 


Epiphysis 
Centre of ossification of epiphysis 
Epiphyseal line 


Tibia and Fibula in Section 


The tibia and fibula of the lower 
leg are shown here. 


The epiphyseal line closes 
in adulthood and prevents the 
bone from elongating. 


Shaft of fibula 


Shaft of tibia in section 


Epiphysis of tibia 
Epiphysis of fibula 
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REPAIR 


Bones can repair various types of damage, whether the damage is from a severe break 


(macrodamage) or mild tears within a bone’s matrix that can’t be felt (microdamage). 


When a bone breaks into two or more pieces, the painful macrodamage often requires a 
medical intervention with a cast or screws to allow the bone to heal—that is, to return to its 
original form. The healing process takes anywhere from one to three months, depending on 
the location of the break and the size of the blood supply. In many cases, a broken bone ends 


up stronger because the body produces extra bone at the site of damage. 


Microdamage results from microscopic tears within the bone’s matrix. It occurs as a normal 
daily process during activities such as walking, running, or lifting weights. All bone is replaced 


every few years from the accumulation of microdamage and the subsequent repair process. 


Normally, microdamage isn’t felt. However, when people drastically increase their activity 
levels to the point where the balance between microdamage and repair can’t be maintained, 
a stress fracture can occur. Since most stress fractures can’t be seen with a normal X-ray, 


a computed tomography (CT) scan is usually required to confirm the diagnosis. 


REMODELING 


When a bone changes shape, it’s known as remodeling. Bone can grow or shrink depending 
on the stress, or lack of stress, that’s placed on it. For example, when a client lifts relatively 
heavy weights, the body responds by laying down extra bone to thicken the diameter in a 
process called deposition. On the other hand, if a person is bedridden or paralyzed, the body 
can decrease the bone’s diameter through resorption. This theory of bone adaptation is 


known as Wolff’s law. 


Bones rely on three different cell types during remodeling. After bone is damaged, osteoclasts 
chew up the impaired bone tissue (resorption). Osteoclasts are also responsible for the loss 
of bone when a person is inactive due to injury or disease. Next, if there’s a stimulus for 
growth, osteoblasts lay down new bone (deposition). Finally, these osteoblasts transform into 


osteocytes, or mature bone cells. 


Importantly, bone remodeling occurs throughout life. It happens at a faster pace early in life 
and slows down with aging. During life, bones are actively remodeling. But if you’re alive, your 


bones are actively remodeling. 


STRESS FRACTURE: 


A thin bone crack due to an 
accumulation of microdamage. 


X-RAY: 

A photographic or digital 
image of the internal 
composition of bones and 
other hard tissues. 


COMPUTED 
TOMOGRAPHY (CT) 
SCAN: 


A sophisticated type of X-ray 
that creates images of bone, 
blood vessels, and soft 
tissues across multiple layers. 


REMODELING: 


When a bone changes 
shape by either increasing or 
decreasing its diameter. 


DEPOSITION: 


Adding new bone with 
osteoblasts. 


RESORPTION: 


Removing bone with 
osteoclasts. 


WOLFF'S LAW: 


A theory developed by German 
surgeon Julius Wolff, which 
states that bone will adapt to 
the loads placed upon it. 


OSTEOCLASTS: 


Cells responsible for bone 
resorption. 


OSTEOBLASTS: 


Cells responsible for bone 
deposition. 


OSTEOCYTES: 


Mature bone cells that 
maintain a bone’s matrix. 
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PERIOSTEUM: 


The outer covering of bone 


where osteoblasts are 
located. 


ENDOSTEUM: 


Connective tissue that covers 
the inside of bone and the 
medullary cavity. 


MEDULLARY CAVITY: 


Central cavity of the bone 


shaft where marrow is stored. 


COMPACT BONE: 


Hard, dense outer layer of 
bone tissue. 


SPONGY BONE: 


Porous, light inner layer of 
bone tissue. 


TRABECULAE: 


Functional units of spongy 
bone. 


OSTEOPOROSIS: 


Bone disease characterized 
by a loss in bone mass and 
density. 


BONE STRUCTURE 


Bones are rich with blood vessels, cells, and nerves that allow them to perform all functions. 
The periosteum and endosteum are connective tissues that cover long bones. They contain 
the cells responsible for growth, repair, and remodeling. The periosteum covers the outside 


of bones, while the endosteum covers the inner lining of bones and the medullary cavity. 


Figure 4.6. Layers of a long bone 
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There are two primary types of bone tissue. The structure of bone is not the uniformly hard 
material it might seem to be. Bone consists of two different materials: the compact outer 


layer and the spongy inner portion. 


+ Compact (cortical) bone: This hard outer layer of dense tissue is strong, solid, 
and resistant to bending. Approximately 80 percent of a person’s skeletal mass 


comes from compact bone. 


+ Spongy (trabecular or cancellous) bone: This light, porous material forms a 
latticework of bony structures called trabeculae. Osteoporosis is primarily due to 


the weakening of spongy bone, but compact bone thins as well. 


The combination of compact and spongy materials is what gives bone its strength while still 
being relatively light. If bones were made entirely of compact material, they would be too heavy 


for efficient movement. And spongy bone alone wouldn’t give bones the strength it needs. 
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BONY PROTRUSIONS 
BONY PROTRUSION: 


There are various bony protrusions throughout the skeleton that contribute to each bone’s An eminence on the surface of 
bones that increases strength 
and contact area for muscle 
attachments. 


unique shape. For example, the head of the femur contains two primary protrusions: greater 


trochanter and lesser trochanter. A trochanter, or protrusion, is the site of muscle and ligament 


attachment. The increased anatomical area serves two purposes: to strengthen the bone in 


that region and to provide a greater contact surface for the muscles and ligaments to attach. 


These areas of increased bone formation go by different names throughout the skeleton, 
depending on where they reside. For example, the upper humerus has two protrusions, 
greater tuberosity and lesser tuberosity, which serve as attachment points for the rotator 
cuff muscles. At the lower aspect of the humerus, the protrusions by the elbow are called 
epicondyles. Moving farther down the body, the protrusions of the upper femur are known as 


trochanters. The spinous and transverse processes, the bony protrusions of the vertebrae. 


Figure 4.7. Bony protrusions 
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COMMON BONE MARKINGS 
Angles: sharp bony angulations that may serve as bony or soft tissue 
attachments but often are used for precise anatomical description. Examples 


include the superior, inferior, and acromial angles of the scapula. 


Body: usually refers to the largest, most prominent segment of bone. Examples 


include the shaft of long bones like the femur and humerus. 


Condyle: refers to a large prominence that often provides structural support to 
the overlying hyaline cartilage. It bears the brunt of the force exerted from the 


joint. An example is the knee joint (hinge joint). 


Crest: a raised or prominent part of the edge of a bone. Crests are often the 


sites where connective tissue attaches muscle to bone. The iliac crest is found 


on the ilium. 


Diaphysis: refers to the main part or the shaft of a long bone. Long bones, 


including the femur, humerus, and tibia, all have a shaft. 


Epicondyle: a prominence that sits atop a condyle. The epicondyle attaches 
muscle and connective tissue to bone, providing support to this musculoskeletal 


system. Examples include the femoral medial and lateral epicondyles. 


Epiphysis: the articulating segment of a bone, usually at the proximal and distal 
poles of the bone. It usually has a larger diameter than the shaft (diaphysis). The 
epiphysis is critical for the growth of bone because it sits adjacent to the physeal 


line, also known as the growth plate. 


Facet: a smooth, flat surface that forms a joint with another flat bone or another 
facet, together forming a gliding joint. Examples can be seen in the facet joints 


of the vertebrae, which allow for flexion and extension of the spine. 


Fissure: an open slit in a bone that usually houses nerves and blood vessels. 


Examples include superior and inferior orbital fissure. 


Foramen: a hole through which nerves and blood vessels pass. Examples 
include supraorbital foramen, infraorbital foramen, and mental foramen on the 


cranium. 
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Fossa: a shallow depression in the bone surface. Here it may receive another 
articulating bone or act to support brain structures. Examples include trochlear 


fossa and posterior, middle, and anterior cranial fossa. 


Groove: a furrow in the bone surface that runs along the length of a vessel 
or nerve, providing space to avoid compression by adjacent muscle or external 


forces. Examples include a radial groove and the groove for the transverse sinus. 


Head: a rounded, prominent extension of bone that forms part of a joint. It is 
separated from the shaft of the bone by the neck. The head is usually covered in 
hyaline cartilage inside a synovial capsule, as it is the main articulating surface 


with the adjacent bone, together forming a ball-and-socket joint. 


Margin: the edge of any flat bone. It can be used to accurately define a bone’s 
borders. For example, the edge of the temporal bone articulating with the 
occipital bone is called the occipital margin of the temporal bone. And vice versa, 
the edge of the occipital bone articulating with the temporal bone is called the 


temporal margin of the occipital bone. 


Meatus: a tubelike channel that extends within the bone that may provide 
passage and protection to nerves, vessels, and even sound. Examples include 


external acoustic meatus and internal auditory meatus. 


Neck: the segment between the head and the shaft of a bone. It is often 
demarcated from the head by the presence of the physeal line in pediatric patients 
and the physeal scar (physeal line remnant) in adults. It is often separated into 
the surgical neck and anatomical neck. The anatomical neck, which may represent 
the old epiphyseal plate, is often demarcated by its attachment to capsular 
ligaments. The surgical neck is often more distal and is demarcated by the site 
on the neck that is most commonly fractured. For example, in the humerus, the 
anatomical neck runs obliquely from the greater tuberosity to just inferior to the 
humeral head. The surgical neck runs horizontally and a few centimeters distal to 


the humeral tuberosities. 


Notch: a depression in a bone that often, but not always, provides stabilization 
to an adjacent articulating bone. The articulating bone will slide into and out 


of the notch, guiding the range of motion of the joint. Examples include the 


trochlear notch on the ulna, radial notch of the ulna, suprasternal notch, and the 


mandibular notch. 
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Ramus: the curved part of a bone that gives structural support to the rest of 
the bone. Examples include the superior and inferior pubic ramus and ramus of 


the mandible. 


Sinus: a cavity within any organ or tissue. Examples include paranasal sinuses 


and dural venous sinuses. 


Spinous process: a raised, sharp elevation of bone where muscles and 


connective tissue attach. It is different than a normal process in that a spinous 


process is more pronounced. 


Trochanter: a large prominence on the side of the bone. Some of the largest 
muscle groups and most dense connective tissues attach to the trochanter. The 


most notable examples are the greater and lesser trochanters of the femur. 


Tuberosity: a moderate prominence where muscles and connective tissues 
attach. Its function is similar to that of a trochanter. Examples include the tibial 


tuberosity, deltoid tuberosity, and ischial tuberosity. 


Tubercle: a small, rounded prominence where connective tissues attach. 


Examples include the greater and lesser tubercle of the humerus. 


BLOOD AND NERVE SUPPLY 


Even though bones are not actively growing longer in adults, they still require a constant blood 


supply. Bone receives its blood from three different sources: periosteal vessels, nutrient 


arteries, and epiphyseal vessels. These three vessels ensure that blood is available to all 
areas of the bone, from the innermost spongy bone to the outer compact bone. 
OSTEONS (HAVERSIAN The functional unit of compact bone is composed of osteons (Haversian systems). These 
SYSTEMS): vertically stacked units each contain a nerve and one or two blood vessels. Since spongy 
ence units of compact bone is less dense than compact bone, its trabeculae contain a richer source of blood vessels. 
one. 
Bones can also sense pain. The periosteum, the outer covering of bone, contains pain-sensitive 


nerve endings. The important connective tissues within joints diminish the pain signal. 
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CARTILAGE STRUCTURE AND FUNCTION 


Articular cartilage is a connective tissue that covers the end of long bones. It provides 
smooth bone-on-bone contact in freely moving joints. When the cartilage is degraded or 
lost from overuse or aging, bone-on-bone contact results in pain and stiffness at the joint. 
Since osteoarthritis is a common problem with athletes and older populations, a thorough 
understanding of the structure and function of cartilage is important for any strength and 


conditioning coach. 


As mentioned earlier, bones can sense pain. The periosteum and endosteum coverings of 
bone contain pain-sensitive nerve endings called nociceptors. Since joint motion shouldn’t 
be painful, articular cartilage covers the ends of moving bones to block the pain signal and 


reduce compressive stress. 


Importantly, articular cartilage is just one form of cartilage in the skeletal system. All cartilage 
is made up of dense collagen fibers embedded in a firm, gelatinous substance. This gives it 
the consistency of plastic to provide tensile strength while still being more pliable than bone. 


The following provides an explanation of the three types of cartilage: 


+ Hyaline cartilage: This deformable but elastic type of cartilage is the most 
widespread. It’s located in the nose, trachea, larynx, bronchi, and the ends of 


ribs, as well as at the ends of bones in the form of articular cartilage. 


- Fibrocartilage: This tough tissue is located in the intervertebral discs and at the 
insertions of tendons and ligaments. It also forms the lateral or medial meniscus 


in the knee. 


+ Elastic cartilage: As the name implies, this is the most pliable form of cartilage. 
It gives shape to the external ear, the auditory tube of the middle ear, and the 


epiglottis. 


OSTEOARTHRITIS: 


Bone-on-bone contact that 
results in joint pain and 
stiffness from a loss of 
articular cartilage. 


NOCICEPTORS: 


Pain-sensitive nerve endings. 


HYALINE CARTILAGE: 


A transparent cartilage found 
on most joint surfaces and 
in the respiratory tract, which 
contains no nerves or blood 
vessels. 


ARTICULAR CARTILAGE: 


A form of hyaline cartilage 
located on the joint surface of 
bones. 


FIBROCARTILAGE: 


An elastic and tough tissue 
that contains type | and type II 
collagen. 


MENISCUS: 


A form of fibrocartilage 
present in the knee, 
wrist, acromioclavicular, 
sternoclavicular, and 
temporomandibular joints. 


ELASTIC CARTILAGE: 


Flexible cartilage present in 
the outer ear, inner ear, and 
epiglottis. 


EPIGLOTTIS: 


A flap made of elastic 


cartilage that opens during 
breathing and closes during 
swallowing. 
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Elastic cartilage is very flexible. 
Hyaline cartilage is found on 
many joint surfaces, and one 

of its forms, articular cartilage, 

is on the articular surface of 
bones. Fibrocartilage is in the 
intervertebral discs and forms 
the pubic symphysis and menisci 
between joints. 


LIGAMENT: 


Connective tissue that 
connects bones. 


Figure 4.8. Types of cartilage 
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In addition to being a barrier to pain, cartilage also plays an important role in bone 
development. As noted earlier in this unit, most bones begin as cartilage, which ossifies as 
you age to become the hardest connective tissue in the body. A newborn baby has the greatest 
percentage of cartilage and thus the softest bones. The bones become progressively harder 
throughout development, until very little cartilage remains. But that remaining cartilage, as 


you know, performs crucial roles in your skeletal system. 


The best example may be the hyaline cartilage in your knee joints. Because cartilage doesn’t 
contain pain-signaling nerve endings, it acts as a buffer to prevent bone-on-bone contact, 
which would cause pain because of the nerves on the ends of the femur and tibia (the 
larger of the two lower-leg bones). And since hyaline cartilage is deformable, it also reduces 


compressive stress at the joint. 


When the hyaline cartilage is lost from aging, compressive stress, or disease, the joint space 
narrows, and unprotected bones can contact each other. The result is osteoarthritis, which 
most commonly occurs in the knees, hands, hips, and spine. Unlike other types of tissues, 
cartilage doesn’t have its own blood supply. Therefore, it’s very slow to heal, and the body 


usually can’t replace it when it’s lost. 


The skeleton, bones, and cartilage are all held together by the connective tissue known as ligaments. 
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LIGAMENT STRUCTURE AND FUNCTION 


Ligaments are 70 percent water, with the remaining 30 percent made up of dense, fibrous 


ELASTIN: 


Highly elastic protein found in 


connective tissue that allows 


collagenous tissue. The strength of a ligament is primarily derived from type | collagen fibers, do em t i aiae 


the type that resists strain. Ligaments also possess some elastin, an important elastic protein shape after being stretched. 


found in all connective tissues. Elastin allows those tissues to regain their original shape 
after being stretched. Without it, stretched-out connective tissues would remain permanently 
deformed. Skin also contains elastin, which is how it quickly returns to its original position 


after a pinch. 


A sprained ankle serves as an example of the important role ligaments play. This damage 
occurs when an unexpected movement results in torques beyond the ligament’s tensile 
strength. The roles of ligaments go beyond resisting damage. Ligaments are also responsible 


for the following: 
+ Attaching bone to bone 
+ Passively stabilizing and guiding a joint 
- Resisting excess movement at a joint 
+ Allowing the brain to sense the position of the joint in space (covered in Unit 4) 


The location of a ligament can be extrinsic, intrinsic, or capsular with respect to the joints. 


The knee joint can serve as an example, given it contains all three types of ligaments. 


VARUS: 


Extrinsic ligament: This type of ligament is located on the outside of the joint. An abnormal joint movement 


away from the midline of the 
body, which can result in 
bowlegs at the knee joints. 


An example is the lateral collateral ligament (LCL), which resists varus stress. 


Intrinsic ligament: The anterior cruciate (ACL) and posterior cruciate (PCL) 
ligaments are situated inside the knee joint to resist anterior and posterior JOINT CAPSULE: 


movement of the tibia, respectively. A thin, strong layer of 
connective tissue that 
contains synovial fluid in freely 


Capsular ligament: The medial collateral ligament (MCL) is a capsular ligament, moving joints. 


so called because it’s continuous with the joint capsule. It resists valgus stress 


at the knee by keeping the joint approximated. VALGUS: 


An abnormal joint movement 


toward the midline of the body, 
which can result in knock- 
knees at the knee joint. 
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DID YOU KNOW 


Ligaments are normally very 
taut around a joint. However, 
some people are born with 
atypically loose ligaments, 
which allow the joints to move 
through a greater range of 


motion. Even though it might 
seem advantageous to have 
extreme flexibility—what is 
sometimes called double 
jointed—loose ligaments 
make people more susceptible 
to joint dislocations and 
osteoarthritis. 


CREEP: 


A harmless, temporary 
deformation of connective 
tissue. 


LAXITY: 


A permanent deformation of 
connective tissue caused by 
excessive stretching. 


TEAR: 


A partial or complete 
separation of tissue due to a 
stretch beyond its structural 
capacity. 


Figure 4.9. Ligaments of the right knee joint 
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The knee joint contains 
three types of ligaments: 
extrinsic (LCL), intrinsic 
(ACL, PCL), and capsular 
(MCL). 


Importantly, ligaments aren’t just passive tissues designed to resist strain. The ligaments 
in joints are connected to the central nervous system (CNS) through reflex pathways. 
During movement, the free nerve endings detect joint position, speed, and direction and 
communicate information to the brain as part of the proprioceptive sensory feedback circuit. 


This is an active, rather than passive, system to guard against injury. 


LIGAMENT CREEP, LAXITY, AND TEARS 


A ligament is a viscoelastic material, which means it can return to its original shape when 
stretched. This temporary, harmless stretch is called creep. When bending over to touch the 
toes, for example, ligaments within the spinal column will stretch and return to their original 


shape when standing back up. 


Like all tissues in the body, ligaments have limits and can stretch only so far before damage 
occurs. When a ligament is stretched beyond its structural and functional ability, it can 


develop laxity or tear. 


Laxity is a permanent structural deformation due to frequent stretching of a tissue at its 
end range of elasticity. A rubber band that’s constantly overstretched eventually takes on a 
new longer shape. Laxity makes the joint less stable, which results in excessive movement. 


Excessive joint movement can in turn make a person more susceptible to joint dislocations 
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and osteoarthritis. 


A tear occurs when a tissue is stretched beyond its structural capacity. The tear can be 
either partial or complete. A partial ligament tear can heal with rest, whereas a complete tear 
usually requires surgery. Blood flow to ligaments is less than that of muscle or even bone, 


which is why it can take from six weeks to up to a year to completely heal after a severe injury. 


JOINT CAPSULE 


The capsule is a thin, strong layer of connective tissue that surrounds freely moving joints. 
Its strength comes primarily from type | collagen fibers, as is also the case with ligaments. 
Directly beneath the joint capsule is a thin layer of synovial membrane that lubricates the 


joint and reduces friction during movement. 


Much like ligaments we just covered, capsules also resist excess tension at the joints due to 
nerve innervation. This means they can trigger reflex contractions of the surrounding muscles 


to protect the joint from damage. 


Figure 4.10. Joint capsule 
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JOINTS 


The human body has 360 joints, and 16 are emphasized as the most problematic for active 
individuals. Therefore, its important to spend time on the actions and functions of these 


joints, starting with the names and locations. 


SYNOVIAL MEMBRANE: 


A thin layer of connective 


tissue beneath the joint 
capsule that makes a 
lubricating fluid. 


The joint capsules at the elbow. 
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FIBROUS JOINTS: 


Connected by dense 
connective tissue consisting 
mainly of collagen. Fibrous 
joints are called “fixed” or 
“immovable” joints because 
they do not move. 


CARTILAGINOUS JOINTS: 


Connected entirely by 
cartilage. They allow more 
movement between bones 
than a fibrous joint but less 
than synovial joints. 


SYNOVIAL JOINTS: 


Also known as diarthrosis. 
They join bones with a 
fibrous joint capsule that 
is continuous with the 


periosteum of the joined 
bones, constitute the outer 
boundary of a synovial cavity, 
and surround the bones’ 
articulating surfaces. 


Table 4.2 


JOINT AREA OF ARTICULATION 


sternoclavicular (SC) 


sternum and clavicle 


acromioclavicular (AC) 


acromion process (scapula) and clavicle 


glenohumeral (GH) 


glenoid fossa (scapula) and humerus 


scapulothoracic region (pseudo joint) 


scapula and rib cage 


humeroradial 


humerus and radius 


humeroulnar 


humerus and ulna 


radioulnar (proximal) 


radius and ulna (elbow region) 


radioulnar (distal) 


radius and ulna (wrist region) 


radiocarpal 


radius and carpal bones 


sacroiliac (Sl) 


sacrum and ilium 


hip 


femur and pelvis 


patellofemoral 


patella and femur 


tibiofemoral tibia and femur 

tibiofibular tibia and fibula 

talocrural talus and tibia 

subtalar talus and calcaneus 
JOINT CLASSIFICATION 


There are three classifications of joints in the human body. 


Fibrous joints are connected by dense connective tissue made of collagen. There are three 


types of fibrous joints: 


e Synarthrodial joints are found in the skull. During birth, sutures are flexible to 
allow the fetus to pass through the birth canal. However, they become more rigid 


as the child grows. 


e Syndesmoses are found between the long bones. These are only slightly movable. 
¢ Gomphosis joints attach teeth to the sockets of the maxilla and mandible. 


Cartilaginous joints are joined by either fibrocartilage or hyaline cartilage. These are slightly 
movable. Cartilaginous joints are divided into primary and secondary joints. Epiphyseal 
(growth) plates are primary. Secondary cartilaginous joints include the manubriosternal joint, 


intervertebral discs, and the symphysis pubis. 


Synovial joints are the most movable joints. Bones are separated by a synovial cavity made 


of dense, irregular connective tissue. 
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Classifications of Synovial Joints 


Synovial joints permit movement and are categorized by the type of movement they allow: 


1. 


Ball-and-socket joint: Also known as an enarthrodial joint, this joint allows a wide 
range of movement in many directions. Examples are the shoulder and hip joints. 


Saddle joint: The sellar or saddle joints are like ball-and-socket joints but 
cannot rotate. The thumbs are the only sellar joints in the human body. 


Hinge joint: The hinge or ginglymus joints include the elbows, ankles, and 
knee joints. They allow a wide range of movement in one plane. 


Gliding joint: The arthrodial or gliding joints of the body include the 
tarsometatarsal joints of the foot. In these joints, two flat bones press 
against each other. 

Pivot joint: Trochoidal or pivot joints rotate around a long axis. The radioulnar 


joint of the forearm is a pivot joint. 


Condyloid joint: Also known as an ellipsoid joint, these joints move through 
two planes of motion. Rotation is not allowed in these joints. The radiocarpal 


joint of the wrist is one. 


Figure 4.11. Classifications of synovial joints 
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CARDIORESPIRATORY 
SYSTEM: 


A combination of the 
cardiovascular system and 
respiratory system. 


CARDIOVASCULAR 
SYSTEM: 


The heart, bloodstream, and 
blood vessels. 


RESPIRATORY SYSTEM: 


The lungs and respiratory 
pathways. 


CIRCULATORY SYSTEM: 


The system that circulates 
blood and lymph through the 
body, consisting of the heart, 
blood, blood vessels, lymph, 
and the lymphatic vessels and 
glands. 


ATRIUM: 


One of the two upper cavities 
of the heart from which blood 
is passed to the ventricles. 


VENTRICLE: 


One of the two lower 
chambers of the heart, below 
the left and right atria. 


Although the systems in the kinetic chain play the main role in human movement, there are 
several other systems in the body that contribute to proper physical functioning and play an 
important role in exercise and performance. The cardiorespiratory system is a combination 
of two of these crucial systems: the cardiovascular system and the respiratory system. 
Together, they play the essential role of transporting oxygen and nutrients to the cells as well 
as removing waste (carbon dioxide) from the body. All systems in the body work in conjunction 


with each other, and each system is affected by the function or dysfunction of every other. 


THE CIRCULATORY SYSTEM 


The circulatory system is divided into the cardiovascular and lymphatic systems. The role 
of the cardiovascular system is to support other bodily systems as it transports respiratory 
gases, nutrients, and wastes to and from the cells. It also helps maintain body temperature 
and prevents dehydration and infection. The lymphatic system helps balance fluid, absorb 


fats and fat-soluble vitamins, and defend against disease. 


THE CARDIOVASCULAR SYSTEM 


“Cardio” comes from the Greek word kardia, meaning “pertaining to the heart.” “Vascular” 
comes from the Latin term vascularis and means “pertaining to vessels that circulate fluids.” 
The main structures of the cardiovascular system are the heart, blood, and blood vessels. 


Table 5.1 Roles of the Cardiovascular System 


PRIMARY FUNCTIONS OF THE 
CARDIOVASCULAR SYSTEM 


EXAMPLE 


Delivery Oxygen and nutrients 


Removal Carbon dioxide and wastes 


Transport Hormones 


Maintenance Body temperature 


Prevention Infection 


The cardiovascular system delivers nutrients, removes waste, and regulates body temperature 


and hormones. 


The Heart 
The heart is a four-chambered organ made of cardiac muscle, and it is the driving force of 


the cardiovascular system. There are two chambers (an atrium and a ventricle) on both the 
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left and right sides of the heart. From the anatomical position, the atria (plural for atrium) 
are superior to the ventricles and are typically smaller in size. The right atrium receives 
deoxygenated blood from the systemic veins. The right ventricle pumps deoxygenated blood 
to the lungs. The left atrium receives oxygenated blood from the lungs and pumps it to the left 


ventricle, which then pumps the oxygenated blood to tissues throughout the body. 


The average heart beats about 100,000 times per day. For every minute of work, the heart 
pumps 5 to 6 quarts of blood around the body. That’s a volume of roughly 2,000 gallons of 


blood circulated per day. 


Table 5.2 Flow of Blood through the Heart 


LEFT SIDE RIGHT SIDE 
Receives oxygen-rich blood from the lungs Receives oxygen-poor blood from the body 
Sends blood to the body to deliver oxygen Sends blood to the lungs to be oxygenated 


Oxygen-rich blood flows from the pulmonary vein, which is a vein carrying oxygenated blood 
from the lungs to the left atrium of the heart. The atrium contracts, pushing blood down into 
the left ventricle. When the ventricle contracts, the blood moves through the aorta and out 


into the body for circulation. 


Figure 5.1 Circulation of Blood through the Heart 
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SYSTEMIC VEINS: 


The veins that carry 


deoxygenated blood back to 
the heart. 


PULMONARY VEIN: 


One of the veins that transfer 


oxygenated blood from the 
lungs to the heart. 


VEIN: 


Tubes forming part of the 
blood circulation system of 
the body, carrying (in most 
cases) oxygen-depleted blood 
toward the heart. 


AORTA: 


The main artery of the body, 
supplying oxygenated blood to 
the circulatory system. 


The right atrium receives 
deoxygenated blood from the body 
and moves it into the right ventricle 
and out to the lungs. Upon return 
from the lungs, the now-oxygenated 
blood moves into the left atrium 
and through the left ventricle to be 
pushed out into the body again. 
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INFERIOR VENA CAVA: 


A large vein carrying 
deoxygenated blood into the 
heart from the lower body. 


SUPERIOR VENA CAVA: 


A large vein carrying 


deoxygenated blood into the 
heart from the head, arms, 
and upper body. 


PULMONARY ARTERY: 


The artery carrying blood from 
the right ventricle of the heart 
to the lungs for oxygenation. 


SINOATRIAL NODE: 


A small cluster of cells in 

the heart that generate 

the electrical impulses 
responsible for the heartbeat. 


CARDIAC CYCLE: 


The performance of the 


human heart from the 
beginning of one heartbeat to 
the beginning of the next. 


Blood returns to the heart via the inferior vena cava and superior vena cava. The returning 
blood is oxygen poor, having distributed oxygen to cells throughout the body to support 
metabolism. The right atrium fills with blood, which then flows into the right ventricle. From 
the right ventricle, the blood leaves the heart via the pulmonary artery, which carries blood 
from the right ventricle of the heart to the lungs for oxygenation and to drop off metabolic 


waste products. 


Between each atrium and ventricle are atrioventricular valves (also called cuspid valves) that 
keep the blood flowing in one direction. Located in the right atrium is the sinoatrial node 
(sometimes referred to as the heart’s pacemaker). It is where the electrical impulses occur 


that cause the heart to contract. 


A cardiac cycle is one alternating contraction and relaxation of the heart during one heartbeat. 
The contraction phase is known as systole. When the ventricle contracts, it increases the 
pressure in the blood vessels, sending blood out into the body or lungs. The relaxation phase 
is known as diastole. The relaxation of the cardiac muscle causes the heart ventricles to fill 


with blood. 


Figure 5.2 The Cardiac Cycle 
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The heart rate is the number of heartbeats per minute. Changes in heart rate are facilitated 


HEART RATE: 


The speed of the heartbeat 


in the cardiac center of the medulla oblongata in the brain. Here, sympathetic and 


parasympathetic messages are interpreted, and heart rate is adjusted to meet the needs measured by the number of 


contractions (beats) of the 


of the body. heart per minute (bpm). 


In addition to the body’s natural regulation, many factors influence heart rate. For example, 
emotional state, sleep and circadian rhythm, age, current body position (sitting versus 
standing), body composition, and body temperature can change the nervous system response 


and, thus, the heart rate. 


The Blood Vessels 


Blood flows throughout the body in a closed system of veins and arteries. An artery carries 
ARTERY: 
Any of the muscular-walled 
tubes forming part of the 
Arteries branch into smaller tubes called arterioles, which branch into capillaries. Capillaries  RQMGUEMeL Ee Cul aialey 
blood (mainly that which has 
are the smallest blood vessels. This is where the exchange of nutrients, water, and gases been oxygenated) is conveyed 
from the heart to all parts of 
takes place. Blood returns to the heart via venules and veins. the body. 


blood from the heart to the body, while a vein carries blood back to the heart. 


Figure 5.3 The Levels of the Blood Vessel Network VENULE: 


A very small vein, especially 
one collecting blood from the 


<fn — capillaries. 


Vein Venule Capillaries Arteriole Artery 


Arteries carry oxygenated blood (depicted in red) through arterioles and into the smallest 
vessels, called capillaries. The exchange of gases, nutrients, and waste occurs, and the now- 


deoxygenated blood (depicted in blue) returns to the heart through venules and veins. 


To reach every cell in the human body, the length of blood vessels contained in the human 
body is enough to go around the circumference of Earth two and a half times, a distance of 


nearly 10,000 miles. 
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PULSE: 


A rhythmical throbbing of the 
arteries as blood is propelled 
through them, typically felt in 
the wrists or neck. 


STROKE VOLUME: 


The amount of blood pumped 
by the left ventricle of the 
heart in one contraction. 


BLOOD PRESSURE: 


The pressure of the blood 

in the circulatory system, 
often measured for diagnosis 
since it is closely related 

to the force and rate of the 
heartbeat and the diameter 
and elasticity of the arterial 
walls. 


SYSTOLIC PRESSURE: 


Pressure on the walls of the 
arteries during the heart’s 
contraction 


DIASTOLIC PRESSURE: 


Pressure on the walls of the 


arteries during the heart’s 
relaxation. 


The pulse can be found anywhere an artery is close to the surface of the skin and rests 
against something solid like a bone, tendon, or ligament. The pulse is the rhythmic expansion 
of the blood vessel each time blood is pushed from the left ventricle (the heartbeat). 
The amount of blood the left ventricle pushes out in one heartbeat is known as stroke 
volume. Exercise strengthens the heart and increases stroke volume. These adaptations to 
exercise mean the heart does not need to beat as frequently to circulate blood, thus lowering 


the heart rate in fit and healthy individuals. 


Blood pressure is the force of blood flow within the blood vessels measured in millimeters 
of mercury (mm Hg). It is measured using a sphygmomanometer. A normal blood pressure 
reading is typically 120/80 in a clinical setting. The first number is the systolic pressure and 
the second is the diastolic pressure. High blood pressure is typically considered 140/90 or 
higher. If the systolic pressure is high and the diastolic pressure is normal (or vice versa), 


the blood pressure reading is still considered high. 


DID YOU KNOW 


That when an individual performs an intense exercise or lift and holds their breath in an 
attempt to briefly increase muscular power, there is a corresponding increase in blood 
pressure? Some lifters do this unknowingly, but the belief is that the increased intra- 
abdominal pressure will allow greater muscular force generation. This is known as the 
Valsalva maneuver, but research has not shown that it truly helps create more muscular 
support. However, the bracing effect of a tight core (or use of a lifting belt) does support 


the core musculature and the spine. 


Blood vessels are made of smooth muscle tissue. It is slightly elastic and expands and contracts 
to pump blood throughout the body. Healthy blood vessels maintain their elasticity and allow 


blood to flow easily. Cardiovascular exercise helps maintain the elasticity of blood vessels. 


There are three factors that affect blood pressure measurements. When these factors 
increase, so does blood pressure. 
1. Cardiac output: the amount of blood pumped through the heart per minute 
(Cardiac output = heart rate x stroke volume) 
2. Blood volume: volume of blood in an individual 


3. Peripheral resistance: the amount of resistance to blood flow in the arteries 


ISSA | Strength & Conditioning | 94 


Blood 

Blood is a specialized type of connective tissue and is found in all areas of the body except 
epithelial tissue. Blood is another major structure of the circulatory system. Blood’s main 
function is to deliver oxygen and nutrients to the tissues of the body and remove carbon 
dioxide and waste products. But blood and the cells within it also help regulate temperature, 


protect the body from infection, and prevent excessive bleeding. 


Blood is a body fluid that consists of several types of blood cells and a fluid called plasma. 
Plasma makes up about 55 percent of blood volume, while the other 45 percent is a 
combination of three different types of blood cells: red blood cells (erythrocytes), white blood 


cells (leukocytes), and platelets (thrombocytes). 


Table 5.3 Types of Blood Cells 


The three types of blood cells and their functions. 


TYPE OF BLOOD CELL MAIN ROLE IN THE BODY 


Carries 02 from the lungs to the body and CO2 from the 
body back to the lungs 


Red blood cell 


White blood cell Fights bacteria, viruses, and foreign cells and organisms 


Platelet 


Factor in blood clotting 


THE LYMPHATIC SYSTEM 


The lymphatic system is part of the circulatory system. This system contains lymph, 
a substance similar to blood plasma. Lymph is created when blood plasma flows through the 
capillary walls. Interstitial fluid begins to build in the spaces between cells. It is picked up 
by lymphatic vessels and returned to the blood. Upon reentry into the lymphatic vessels, it is 


referred to as lymph. 


The lymphatic system works to balance body fluids, absorb fat-soluble nutrients, and fight 


disease and infection. 


Table 5.4 The Roles of the Lymphatic System 


ROLES OF THE LYMPHATIC SYSTEM EXAMPLE 


Balance Interstitial fluids 
Absorb Fat and fat-soluble vitamins 
Defend Illness and disease 


PLASMA: 


The liquid portion of blood, 
made of water, protein, sugar, 
and fat particles. 


LYMPH: 


A colorless fluid containing 
white blood cells that bathes 
the tissues and drains through 
the lymphatic system into the 
bloodstream. 


INTERSTITIAL FLUID: 


A substance that fills the 
spaces between cells. It is 
composed of water, amino 
acids, sugars, fatty acids, 
coenzymes, hormones, 
neurotransmitters, salts, and 
cellular products. 
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During exercise, the lymphatic system regulates the volume and pressure within the tissues. 
In a healthy individual, fluid and plasma proteins that leak into the interstitial space are 
reabsorbed and put back into the bloodstream. Unhealthy or obese individuals will often 
display issues with edema (swelling of the extremities) and poor immune function as a result 


of a compromised lymphatic system. 
Figure 5.4 The Lymphatic System 
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The lymphatic system runs 
throughout the body and includes 
the lymph nodes, tonsils, thymus, and 
spleen. 
LYMPHOCYTES: 
A form of small leukocyte 
(white blood cell) with a single 
round nucleus, occurring Lymph Nodes 
especially in the lymphatic i 
system. Lymph nodes are found throughout the body along the lymphatic pathways. There are 


hundreds of lymph nodes in the body—some deeper beneath tissue and others more 
MACROPHAGES: superficial. They are dense and physically palpable in three areas: the inguinal nodes in the 


A large phagocytic cell found groin, axillary nodes in the armpit, and cervical nodes in the neck. Lymph nodes filter lymph 
in stationary form in the 

tissues or as a mobile white fluid before returning it to the blood for circulation. They remove pathogens, create antibodies 
blood cell, especially at sites 

of infection. and lymphocytes, and store macrophages. 
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Tonsils 
The tonsils are found on either side of the back of the throat. They are formed by clusters 
of lymphatic tissue. Tonsils protect the body against pathogens that might be introduced 


through the nose and mouth. 


Spleen 

The spleen is the largest lymphatic organ in the body. Like the lymph nodes, it filters blood 
and also acts as a reservoir for blood. In cases of severe blood loss, the spleen contracts 
to release stored blood into general circulation. The spleen also plays the important role of 
filtering specifically for blood-borne pathogens and antigens and is vital for erythrocyte 


(red blood cell) homeostasis. 


Thymus 
Another major structure of the lymphatic system is the thymus. The primary role of the thymus 
is to manage and mature special lymphocytes called T-lymphocytes or T-cells. Cells are first 


formed in an infant’s bone marrow and then sent to the thymus to mature. 


During infancy and childhood, the thymus is at its largest to help protect the body from 
infections or diseases that would disrupt normal growth. When puberty begins, the thymus 
begins to shrink and is slowly replaced with fat. T-lymphocytes work with B-lymphocytes to 


fight infection. 


THE RESPIRATORY SYSTEM 


The respiratory system works alongside the circulatory system. The three main functions 


of this system are these: 
Provide oxygen for metabolic processes 
Remove waste products of metabolism 
Regulate the pH of blood 


Respiration is the process through which the respiratory system completes these necessary 
tasks. Every few seconds, nerve impulses tell the body to breathe. Sometimes, breathing can 
be voluntary, like when someone is trying to catch their breath after a short sprint. Generally, 
breathing is an autonomic (automatic) process controlled by the medulla oblongata.Breathing 
consists of two phases: inspiration and exhalation. The average person takes 10-20 breaths 


per minute. 


T-LYMPHOCYTES: 


A type of white blood cell that 
helps the immune system 


defend against disease and 
infection. T-cells fight infected 
cells that have been marked 
by B-lymphocytes. 


DID YOU KNOW 


That the thymus can be as 
small as five grams in an 
elderly human? Its function 

is to harmonize the immune 
system, and the lymphatic 
structure is the most active in 
adolescent and prepubescent 
youth. 


B-LYMPHOCYTES: 


A type of white blood cell 
not processed by the thymus 
gland and responsible for 
producing antibodies and 
marking foreign cells for 
destruction. 


METABOLIC PROCESSES: 


The organic processes by 
which some organisms obtain 
energy for life. 


INSPIRATION: 


Process of pulling oxygen in 
through the airways. 


EXHALATION: 


Process of pushing carbon 
dioxide out through the 
airways. 
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DID YOU KNOW 


That breathing, like the 
heartbeat, happens 
automatically? However, 
respiratory muscles depend 
on central nervous system 
stimulation for contraction. 
While voluntary control 


of breathing is possible, 
involuntary breathing will 
dominate—which is why 
most people cannot hold 
their breath for longer than 
a minute. Rising levels of 
carbon dioxide in the body 
trigger an inhalation. 


PULMONARY 
VENTILATION: 


The process of exchange of 
air between the lungs and the 
ambient air. 


PHARYNX: 


The membrane-lined cavity 
behind the nose and mouth, 
connecting them to the 
esophagus. 


TRACHEA: 


A large membranous tube 
reinforced by rings of 
cartilage, extending from the 
larynx to the bronchial tubes 
and conveying air to and from 
the lungs; the windpipe. 


The respiratory system is made up of the following structures: 

e Nose and nasal cavities: The nose is made of bone and cartilage. Air and 
particles enter the body through the nose. 

e Pharynx: The pharynx is commonly called the throat. This is a passageway 
for both air and food. 

e Larynx: The larynx is also known as the voice box. This is the passageway 
between the pharynx and trachea. 

e Trachea: The trachea branches into the lungs and is the main passageway for air. 

e Bronchi: This is the entry point of air into the lungs. From here, bronchi 
branch into smaller vessels. 

e Lungs: The right lung has three lobes. The left lung has two lobes. They are 


separated by the mediastinum, which holds the heart. 


Figure 5.5 The Respiratory System 
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Breathing is also referred to as pulmonary ventilation. Air travels from outside the body, 
through the nose or mouth, down through the pharynx (or throat), and past the larynx. 
The trachea is the main airway to the lungs. From here, the air passageway divides into the 
left and right bronchi, which supply the left and right lungs with air. Inside the lungs, bronchi 
branch into smaller vessels known as bronchioles, and eventually to alveoli, the smallest 


pulmonary vessel. 
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Figure 5.6 The Lungs 
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DIFFUSION: 


The passive movement of 
molecules or particles along 
a concentration gradient, from 
regions of higher to regions of 


PULMONARY VENTILATION lower concentration. 


Air moves into the lungs during inspiration (breathing in) and out during expiration (breathing 


Pleural fluld 


THORACIC CAVITY: 


The chest cavity, which is 

atmosphere and lungs. Gases move from areas of high pressure to areas of low pressure in enclosed by the ribs, vertebral 
column, and the sternum 

a process Called diffusion. During inspiration, the diaphragm muscles contract. This pulls the and is separated from the 

abdominal cavity by the 

diaphragm. 


out). Movement of air into and out of the lungs is controlled by pressure changes between the 


rib cage out and up, increasing the space (volume) inside the thoracic cavity. As the volume 


of the thoracic cavity increases, the intra-alveolar pressure decreases so that air is sucked 


into the lungs. The opposite is true for expiration. INTRA-ALVEOLAR 


During expiration, the diaphragm muscles relax. Lungs have an elastic property that causes PRESSURE: 


A : : . . . The pressure of the air within 
them to shrink to their resting size and volume. The intra-alveolar pressure increases as the the alveoli, which changes 


during the different phases of 
breathing. 


thoracic volume decreases and air is pushed out of the lungs. 


DID YOU KNOW 


That during inhalation, the diaphragm contracts and arches downward, and the external 
intercostal muscles (muscles located between the ribs) contract, pushing the rib cage 
up and out? This causes the thoracic cavity to increase in volume, which reduces the 
intrapleural (fluid-filled area surrounding the lungs) pressure, causing the lungs to expand 
and fill with air to equalize pressure. This is known as negative pressure breathing (changing 
the pressure inside the lungs relative to the pressure of the outside atmosphere). While 
exercising, it is advisable to inhale either between movement phases or during the least 


exertive phase of movement. Shallow (chest) breathing is known as costal breathing, and 


deep (abdominal) breathing is known as diaphragmatic breathing. Deep, diaphragmatic 


breathing is encouraged whenever possible. Encourage breathing in an even and controlled 


manner during cardiovascular activity to improve use of oxygen and delay time to fatigue. 
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EXTERNAL RESPIRATION: 


Exchange of gases between 
the alveoli of the lungs and 
the blood. 


ALVEOLI: 


Tiny air sacs in the lungs that 
allow for rapid gas exchange. 


HEMOGLOBIN: 


A red protein responsible for 
transporting oxygen in the 
blood. 


INTERNAL RESPIRATION: 


The process of diffusing 
oxygen from the blood into 
the interstitial fluid and into 
the cells. 


ADENOSINE 
TRIPHOSPHATE (ATP): 


An adenosine molecule 


bonded to three phosphate 
groups, present in all living 
tissue. It provides energy for 
muscle contractions and other 
physiological processes. 


External Respiration 

The exchange of gases between the lungs and blood is known as external respiration. 
The exchange happens at the alveoli. Alveoli are surrounded by capillaries. When blood 
returns to the lungs, it is low in oxygen because it distributed the oxygen it had been carrying 
to the body. Oxygen from the alveoli moves to the blood just as gases were exchanged at 
the lungs, via diffusion. Carbon dioxide moves from the blood into the alveoli to be removed 


during expiration. 


Internal Respiration 
Hemoglobin in the blood carries oxygen and carbon dioxide to and from the cells. When oxygen 


is transferred to working cells and carbon dioxide is removed, this is internal respiration. 


Figure 5.7 Gas Exchange 


Tissue cells 


Alveolis” 


The process of gas exchange occurs in the alveoli and at the tissue and capillary level in the body. 
Shown above are the processes of external respiration and internal respiration. 
Cellular Respiration 
Oxygen is used at a cellular level to break down sugar (glucose) into the chemical form of 
energy, adenosine triphosphate (ATP). This is also known as aerobic metabolism. 


This process will be discussed in much greater detail later in this text. 
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RESPIRATORY VOLUME AND CAPACITY 


The health of a person’s lungs can be measured using spirometry. A spirometer measures 


the airflow into and out of the lungs. 


The vital capacity of lungs is measured by how much air is forcefully breathed out after an 
individual voluntarily inhales as much air as possible. As the term suggests, vital capacity 
measures the functional capacity of the lungs. A well-conditioned athlete may breathe as 
much as 20 times their measured vital capacity in one minute, while a deconditioned person 
may not reach 10 times their vital capacity in one minute of breathing. One can improve vital 
capacity by strengthening the muscles involved in respiration with cardiovascular exercise 


and thus increase the efficiency of the lungs. 


The number of times a person breathes during a specified time is their breathing rate. As 
previously mentioned, the average adult involuntarily breathes 10-20 times per minute. 
People with larger bodies have larger lungs than those of smaller stature. That means that 
they may have a higher tidal volume. The tidal volume is the normal amount of air displaced 
between inhalation and exhalation when no additional force is applied. Tidal volume can vary, 
but the average adult measures at 7 milliliters of air per kilogram of body weight, 


or approximately 500 milliliters. 


How much volume the lungs can process in one minute is known as the minute ventilation. 
This is the total amount of air that enters the lungs. The average is six liters per minute. 
During exercise, tidal volume and rate of breathing increase.This helps supply working cells 


with oxygen for metabolism and remove waste products. 


Several factors influence lung volume and capacity: 
e Age: Lungs are at their maximum capacity during early adulthood and decline with age. 


e Sex: Female reproductive hormones lower aerobic power and pulmonary function. 


Body build: Smaller bodies have smaller lung capacity. 


Physical conditioning: Lung capacity improves (up to about 15 percent) with 


frequent aerobic exercise. 


An individual’s VO2 max is a calculation of the maximum volume of oxygen the body can use 
during intense exercise. The more oxygen the body can use during exercise, the more ATP 
can be produced to fuel that exercise. Recent research has found that although VO2 max is 


partially predetermined by genetics, it may also be increased with appropriate training. 


VITAL CAPACITY: 


The greatest volume of air 


that can be expelled from the 
lungs after taking the deepest 
possible breath. 


TIDAL VOLUME: 


Lung volume, represented by 
the volume of air displaced 
between normal inhalation 
and exhalation when extra 
effort is not applied. 


MINUTE VENTILATION: 


The volume of gas inhaled 
(inhaled minute volume) or 
exhaled (exhaled minute 
volume) from a person’s lungs 
per minute. 


V02 MAX: 


The maximum amount of 


oxygen the body can use 
during a specified period of 
usually intense exercise. 
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THE ENDOCRINE SYSTEM 


The endocrine system regulates growth, development, homeostasis, reproduction, 
and metabolic activities through chemical messengers known as hormones. There are three 


major structures in this system: 
1. Exocrine glands 
2. Endocrine glands 
3. Hormones 


EXOCRINE GLANDS 


The sweat glands, sebaceous glands (oil-producing glands), mammary glands (milk-producing 
glands), and those digestive glands that produce enzymes are exocrine glands. 


The substances they create are carried to a surface area and secreted via ducts. 


ENDOCRINE GLANDS 


Hormones from endocrine glands are secreted directly into the blood supply. When endocrine 
glands are sent into the bloodstream, they act only on cells that have receptor sites for that 


specific hormone. The major glands of the endocrine system include the following: 


e Hypothalamus: The main role of this gland is to maintain homeostasis. It either 
stimulates or inhibits heart rate, blood pressure, body temperature, fluid and 
electrolyte balance, thirst, appetite, body weight, glandular secretions of the 
stomach and intestines, the release of substances that influence the pituitary 


gland, and sleep cycles. 


e Pineal gland: The only hormone this gland is known to secrete is melatonin. This 


was the last endocrine gland to be discovered. Its function is somewhat unknown. 


e Pituitary gland: The hormones this gland produces control other parts of the 


endocrine system, including the thyroid gland, adrenal glands, ovaries, and testes. 


e Thyroid: The main job of this gland is to regulate metabolism. Every cell depends 


upon the thyroid to manage metabolism. 


e Parathyroid: There are four parathyroid glands, which help regulate calcium levels 


MELATONIN: in the body. 


A hormone secreted by the 
pineal gland that inhibits the 


fomen oi maleni can e Thymus: The thymus is active only until puberty. Before puberty, it stimulates 


a Mees Hair ane the development of T-lymphocytes, which play a role in the lymphatic system’s 
SKIN). 


defense against illness and infection. 
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e Adrenal: The adrenal glands are attached to the kidneys and are made up of the 
adrenal cortex and adrenal medulla. Hormones secreted by the adrenal cortex are 


essential to life. Those secreted by the adrenal medulla are not. 
e Pancreas: The main role of the pancreas is to maintain blood glucose balance. 


e Ovaries: The ovaries secrete hormones essential for female reproductive 


development and fertility. 


e Testes: The testes are responsible for maintaining male reproductive health. 


Figure 5.8 The Endocrine System 
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These are each of the endocrine glands and the hormones they are responsible for producing 


or regulating. 
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Table 5.5 The Endocrine Glands and Associated Hormones 


GLAND EXCRETORY HORMONES 


Antidiuretic hormone 

Corticotropin-releasing hormone 
Gonadotropin-releasing hormone 

Growth hormone-releasing hormone 

Hypothalamus 0 Growth hormone-inhibiting hormone or somatostatin 
Oxytocin 

Prolactin-releasing hormone 

Prolactin-inhibiting hormone or dopamine 
Thyrotropin-releasing hormone 


Pineal Melatonin 


Anterior lobe 

` Adrenocorticotropic hormone 
Follicle-stimulating hormone 
Growth hormone 
Luteinizing hormone 
Prolactin 

0 Thyroid-stimulating hormone 

Posterior Lobe 
Antidiuretic hormone 
Oxytocin 


Pituitary 


Tri-iodothyronine 
Thyroid . Thyroxine 
Calcitonin 


Parathyroid Parathyroid hormone 


Thymus Thymosin 


Adrenal cortex 
Glucocorticoids: hydrocortisone or cortisol and corticosterone 
Mineralocorticoid: aldosterone 

Adrenal medulla 

0 Epinephrine or adrenaline 
Norepinephrine or noradrenaline 


Adrenal 


Gastrin 

Glucagon 

Pancreas . Insulin 

Somatostatin 

Vasoactive intestinal peptide 


Estrogens: estradiol, estrone, estriol 
Progesterone 

Relaxin 

Inhibin 


Ovaries 


Testes Testosterone 
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HORMONES 

AMINO ACIDS: 
Hormones are made of amino acids, lipids (fat), or peptides (chains of amino acids). The sex Simple organic compounds 
known as the building blocks 


hormones (estrogen and testosterone) and those secreted by the adrenal cortex (aldosterone of proteins 


and cortisol) are lipid hormones and are also known as steroids. 


STEROIDS: 


Any of a large class of 
the phospholipid bilayer of cells. The other hormones cannot diffuse in this way. Amino organic compounds with 


Lipid hormones are so named because they can diffuse across the plasma membrane into 


a characteristic molecular 
acid and peptide hormones must attach to cells with surface receptors to elicit the desired structure containing four rings 


of carbon atoms. 


response inside the target cell. 


Hormone regulation happens in a few ways. One way is by negative feedback loop. When a 
hormone is secreted by one cell and received by a target cell, the target cell sends information 


back to the endocrine system to stop or reverse the production of that hormone. 


Some hormones are controlled by the release of other hormones. For example, the pituitary 
gland releases adrenocorticotropic hormone (ACTH), which turns on cortisol (from the adrenal 
glands) during stress. As the name implies, thyroid-stimulating hormone (TSH) stimulates the 


production of hormones from the thyroid. 


Still other hormones are released after direct nerve stimulation. For example, antidiuretic 
hormone (ADH) is released into the bloodstream from nerve cells in the hypothalamus as a 
result of hyperosmolarity. ADH is a hormone that regulates water balance in the bloodstream 


and through the renal system (kidneys). 


Hormones and Sports Performance 
Hormones play a role in sports performance and outcomes for athletes. For example, studies 
have found that females taking oral contraceptives with high levels of male sex hormones 


showed improved oxygen consumption and running performance. 


Exercise stimulates the release of growth hormone (hGH), as does the natural circadian 


ADIPOSITY: 


(sleep) rhythm. Growth hormone increases lean mass, reduces adiposity, and improves bone ; : 
The quality or state of being 


density. Erythropoietin (hormone) increases the rate of red blood cell (RBC) production. The fat. 


increase in RBCs improves oxygen consumption, reduces fatigue, and improves endurance 


capabilities. 


Growth hormone, erythropoietin, and anabolic steroids are often misused or overused in 
sports. For this reason, the World Anti-Doping Agency monitors steroid use and publishes 
a list of all substances that are prohibited in sport to prevent misuse and maintain a level 


athletic playing field for competitive sports. 
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ESTROGEN: 


Any of a group of steroid 
hormones that promote the 
development and maintenance 
of female characteristics of 


the body. Such hormones are 
also produced artificially for 
use in oral contraceptives 

or to treat menopausal and 
menstrual disorders. 


Hormones can also inhibit sports performance just as readily as they can enhance it. In 
female runners, injuries like anterior cruciate ligament (ACL) tears and runner’s knee occur 
more often during the ovulation phase of the menstrual cycle, which research has attributed 


to the hormonal state at that time. 


Other researchers are investigating the role of estrogen in female sports performance and 


muscular capabilities. 


THE DIGESTIVE SYSTEM 


The body breaks down food into smaller molecules for use at the cellular level. There are six 


functions in the digestive system responsible for breaking down food for energy. 
1. Ingestion: taking food in through the mouth 


2. Mechanical digestion: chewing (mastication) and the churning and mixing 


actions of the stomach that further break down food 


3. Chemical digestion: breaking food down further via enzymes released into 
the stomach mixed with water 


4. Movements: moving food through the digestive system by the rhythmic 
contractions of the smooth muscle of the digestive tract, a process known 


as peristalsis 


5. Absorption: absorbing simple molecules by the cell membranes in the lining 
of the small intestine and moving into blood or lymph capillaries 


6. Elimination: removing waste products and indigestible particles 


The digestive tract—beginning at the mouth and ending at the anus—is between four and six 
meters long. Unlike the circulatory system, which is a closed system, the digestive tract is an 


open system with openings at both ends. 


The basic structure of the digestive tract includes four layers of specialized tissues. 
The mucosa lines the digestive tract and comes into contact with the food that passes 
through. The muscularis mucosa is a smooth muscle cell that helps move food along. 


Cells within the mucosa secrete mucus, digestive enzymes, and hormones. 


The next layer is the submucosa. This layer has blood and lymphatic vessels and nerves. 
Next is the muscular layer. This layer is made of smooth muscle tissue. The inner layer is 
made of cells arranged in a circular pattern, the outer layer with cells in a longitudinal pattern. 


The combined action of these layers moves food through the digestive tract. 


ISSA | Strength & Conditioning | 106 


Finally, the serosa is the outermost layer of the digestive tract. It acts as a barrier between 
the internal organs and abdominal cavity. The serosa is made of two layers. The first is 
connective tissue. The second is a thin layer of epithelial cells that secrete serous fluid. 


Serous fluid reduces friction from muscle movements. 


Figure 5.9 The Layers of the Gastrointestinal Tract 
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Connective tissue layer. 


Surrounding the lumen (open space) in 
the gastrointestinal tract, the mucosa, 
submucosa, muscularis, and serosa create 
the functional layers of the digestive tract. 


ALIMENTARY TRACT 


The digestive system is divided into the alimentary tract and accessory organs. The alimentary 


tract includes all the organs that the food travels through. 


Mouth 

Ingestion and the beginning stage of mechanical digestion happen in the mouth. The salivary 
glands are accessory organs. Saliva contains water, mucus, and the enzyme amylase. 
Amylase begins the process of breaking down starches. The saliva also cleanses the teeth, 


wets food for swallowing, and dissolves certain molecules for taste. 


Pharynx 


Also known as the throat, the pharynx is a passageway that transports food, water, and air. 


Esophagus 
Food travels from the pharynx into the esophagus. This is the action of swallowing. From the 


esophagus, food enters the stomach. 
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Stomach 
The stomach, found in the upper left portion of the abdominal cavity, helps in both mechanical 
and chemical digestion. It is divided into four regions: the fundic, cardiac, body, and pyloric 


regions. 


Figure 5.10 The Regions of the Stomach 


The regions of the stomach, from 
top to bottom, are the cardia, Esophagus ——* 
fundus, body, and pyloric. 


Gastric juices, which are acids that help to chemically digest food, are made constantly but 


are either up- or down-regulated by the hormone gastrin. Gastrin controls the process of 
GASTRIN: 


A hormone that stimulates 
secretion of gastric juice 1. Thoughts and smells of food begin the cephalic phase of gastric excretion. 
and is secreted into the 


bloodstream by the stomach , : : 
wall in response to food. 2. The gastric phase begins when food particles enter the stomach. 


digestion in three different phases: 


3. Once the liquid partially broken-down food, or chyme, begins to exit the 
CHYME: 


The pulpy acidic fluid that 
passes from the stomach to excretion begins. 


stomach and enter the small intestine, the intestinal phase of gastric 


the small intestine, consisting 
of gastric juices and partially 
digested food. 
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Small Intestine 


PLICAE CIRCULARES: 


Most of the nutrients from food are absorbed into the body in the small intestine. It is divided 
Crescent-shaped folds of the 


into three sections: the duodenum, jejunum, and ileum. Absorption happens via the plicae mucosa and submucosa. 


circulares, villi, and microvilli. 


VILLI: 


Figure 5.11 The Cells of the Small Intestine Tiny heie peissons, Gren 
on the surface of mucous 


membranes. 


SMALL INTESTINE 


The folds of the small intestine are further folded into villi. The villi are further folded into 
microvilli, which absorb nutrients at a cellular level. The folds increase the surface area 
of the intestines. Both exocrine and endocrine cells support the digestive process in the 


small intestine. 


Table 5.6 Exocrine Secretions and Functions 


EXOCRINE SECRETIONS AND FUNCTION 


SECRETION FUNCTION 
Mucus To lubricate passageways for food to move easily 
Peptidase or protease To break down proteins 
Sucrase To break down sucrose to fructose and glucose 
Maltase To break down maltose to glucose 
Lactase To break down lactose 
Lipase To break down fatty acids 
Enterokinase To convert trypsinogen to trypsin to break down proteins 


The endocrine cells secrete cholecystokinin and secretin. Cholecystokinin helps digest 


proteins and fats. Secretin regulates water balance and pH within the duodenum. 
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HEPATIC ARTERY: 


A short blood vessel that 
supplies oxygenated blood 
to the liver, pylorus of 

the stomach, duodenum, 
pancreas, and gallbladder. 


HEPATIC PORTAL VEIN: 


Vein conveying blood to 
the liver from the spleen, 
stomach, pancreas, and 
intestines. 


BILE: 


A bitter greenish-brown 
alkaline fluid that aids 
digestion and is secreted by 
the liver and stored in the 
gallbladder. 


Large Intestine 

The small intestine meets the large intestine at the ileocecal junction. The large intestine is 
divided into the colon, rectum, and anal canal. The large intestine does not digest food, nor 
does it produce digestive enzymes. Rather, the large intestine absorbs water and electrolytes 


left over from digestion and pushes chyme along to be eliminated from the body. 


Rectum and Anus 
The rectum has a thick muscular layer that helps pass feces through to the anal canal and 
out through the anus. At each end of the anal canal are sphincters that control the release 


of feces. 


ACCESSORY ORGANS 


The accessory organs are the organs that support digestion but are not directly part of the 


digestive system. 


Liver 
The liver is the largest gland in the body. It gets oxygenated blood from the hepatic artery 


and nutrient-rich blood from the digestive tract through the hepatic portal vein. 
The liver serves many important functions: 


* Secretion of plasma proteins, carrier proteins, hormones, prohormones, 


and apolipoprotein 
+ Making and excreting bile salts 
+ Storage of fat-soluble vitamins 


+ Detoxification and filtration 


+ Metabolism of carbohydrates, proteins, and fat 


Gallbladder 
Attached to the liver is the gallbladder. Its primary role is to store bile for use in digestion. 
Bile is made of water, bile salts, bile pigments, and cholesterol. It helps in the digestion and 


absorption of fats. 
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Pancreas 
The pancreas is found behind the stomach. It has both endocrine and exocrine functions 
in the body. It plays a major role in digestion by secreting the digestive enzymes amylase, 


trypsin, peptidase (protease), and lipase. 


The islets of Langerhans are groups of specialized cells on the pancreas. These cells secrete 
the endocrine hormones insulin, glucagon, and somatostatin. Secretions of the pancreas are 


controlled by the hormones secretin and cholecystokinin. 


Figure 5.12 The Liver, Gallbladder, and Pancreas 
These are the relative locations and anatomy of the liver, gallbladder, and pancreas accessory organs. 


Right and left 


Liver hepatic ducts 
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The systems discussed all play important roles in the functioning of the human body. 
The cardiorespiratory system and the supporting digestive and endocrine systems work in 


conjunction to create, promote, and maintain human performance and physical functioning. 


The systems discussed in this chapter are macroscopic—that is, they can be observed and 
examined (for the most part) with the naked eye. The next unit takes a deeper look into the 


cellular level of bioenergetics, systems that work on a microscopic level. 
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LEARNING OBJECTIVES 


1 | Understand how the body acquires and produces 
energy. 


2 | Differentiate between the different energy 


systems. 


3 | Identify when each energy system is used during 


exercise. 


CHAPTER 06 | BIOENERGETICS 


ENERGY FOR LIFE 


From sleeping to digesting food to running a 100-meter sprint, everything requires energy. 
Energy is life. It’s what keeps the universe moving. To understand how energy functions in the 
body, think of the body as a business. A business can’t run without currency of some kind. 
It takes currency to rent office space, pay employees, and keep the lights on. The currency of 


the human body is adenosine triphosphate (ATP). 


The human body, unlike a successful business, has very little ability to store ATP in the 
physiological equivalent of a rainy-day fund. Some cells have enough ATP to keep their 
reactions going for one to two minutes, while other cells have even less. Skeletal muscles 
have enough stored ATP to contract vigorously for just one or two seconds. To continually 


function, the body must constantly produce ATR 


Figure 6.1 Adenosine Triphosphate (ATP) 


a9 
| à Adenine 


Adenosine is made up of adenine 
and ribose. It’s attached to three 
phosphates. The two bonds 
between the three phosphates 
store and release energy. 


Phosphate group Ribose 


The body contains all the raw materials needed to produce ATP Food contains proteins, 
fats, and carbohydrates that can be broken down into ATP through a series of steps beyond 
digestion and absorption. The ATR in turn, is broken down into smaller components to 
release energy and heat, then recycled back to the original ATP structure, much like a puzzle 


that can be pieced together, taken apart, and then put together again. 
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This process follows the first law of thermodynamics, also known as the law of conservation 
of energy which states that energy can be changed from one form to another but cannot be 
created or destroyed. Metabolism runs on anabolic and catabolic reactions that form the 


cornerstone of human physiology. 


CONVERTING ATP INTO ENERGY 


ATP by itself doesn’t give us energy. The energy is stored within the bonds between the three 


phosphates in the ATP molecule, and those bonds need to be broken to release it. 


ATP TO ADP PLUS ENERGY 


The first step is to break adenosine triphosphate down into its simpler counterpart, adenosine 
diphosphate (ADP). That break requires an enzyme, which causes a chemical reaction to 
occur. In this case, the enzyme is ATPase, which breaks the bond between the second 
and third phosphates to release the stored energy. The phosphate-removal process, called 
dephosphorylation, requires water (H20). This is one of the reasons why water makes up 
two-thirds of the body weight. Importantly, the breakdown of ATP to ADP releases one acidic 


proton (H+). 


ATP-ADP CYCLE 


The ATP-ADP cycle is the process mentioned earlier that allows the cleaved ADP to be 
recycled back into the functional, energy-producing ATP within the cell. The process of 
reattaching phosphate (Pi), called rephosphorylation, requires the enzyme ATP synthase. 
The molecule can then be broken down again for quick energy as part of the ATP-ADP cycle. 


ATP >» ADP + Pi + energy + H+ 


(dephosphorylation by the enzyme ATPase) 


ADP + Pi + energy > ATP 


(rephosphorylation by the enzyme ATP synthase) 


The breakdown of ATP to release its stored energy is called ATP hydrolysis. When ATP 
hydrolysis causes the muscle to accumulate protons (H+) faster than the muscle can remove 
them as waste, the result is metabolic acidosis, which impairs muscle power and energy 
production in the short term but may have the long-term effect of reprogramming the cell to 


recycle ADP faster and reduce the oxidative stress of the process. 


ATP hydrolysis is the muscle’s primary potential source of H+ accumulation. An essential 
goal of this course is to offer training strategies that minimize H+ accumulation in the muscle 


tissue and thus prevent a significant drop in physical performance. 


LAW OF CONSERVATION 
OF ENERGY: 


The principle that states 
that energy cannot be 
created or destroyed but only 
transformed from one form to 
another. 


ANABOLIC: 


The building process. 


CATABOLIC: 


The breakdown process. 


ENZYME: 


A protein that catalyzes 
chemical reactions. 


ATPASE: 


An enzyme that catalyzes the 
breakdown of ATP to ADR 


DEPHOSPHORYLATION: 


The process of removing a 
phosphate. 


ATP-ADP CYCLE: 


A mechanism that allows ATP 
to be quickly broken into ADP 
and then re-formed. 


REPHOSPHORYLATION: 


The process of adding a 
phosphate. 


ATP SYNTHASE: 


An enzyme that creates ATR 


ATP HYDROLYSIS: 


The breakdown of ATP while 


in the presence of water to 
release energy stored within 
its bonds. 
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In the presence of water, the bond 
between the second and third 
phosphate ions of ATP is broken by 
the enzyme ATPase, which releases 
energy and one proton (H+). The 
enzyme ATP synthase reattaches 
the phosphate in the ATP-ADP 
cycle. 


ADENYLATE KINASE: 


An enzyme that catalyzes the 


reaction between ATP and 
AMP to form two ADP and vice 
versa. 


Figure 6.2 Converting ATP into ADP and Back 
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Muscles constantly generate protons during basic cellular metabolism. The body manages these 
hydrogen ions easily during rest or light activity by moving them into the mitochondria of the cells, 
where their energy is harnessed to resynthesize ATP with the use of O2 and formation of water. 
But as exercise intensity increases and more energy is required from ATR many more protons are 


released, and avoiding acidosis (i.e., lower cellular pH) becomes a priority. 


ADP TO AMP 


In the compound ADP there are still two remaining phosphate ions, and the bond between 
them still contains stored energy. In extreme circumstances, this bond can be used to 


generate needed cellular energy as well. 


Consider an all-out sprint lasting 10 to 15 seconds. At that intensity and duration, the body 
has energy needs that exceed what the ATP-ADP cycle can provide. ADP accumulates in 
the muscle as it cannot rephosphorylate back into ATP fast enough. To meet immediate 
ATP demands, the enzyme adenylate kinase takes two ADP molecules and converts them 
into one ATP through rephosphorylation and one adenosine monophosphate (AMP) through 


dephosphorylation. This reaction can occur in both directions. 


ADP + ADP <> ATP + AMP 
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However, when the cellular demand for energy remains high, ADP is unable to 
rephosphorylate back into ATP because it is not energetically favorable—meaning 
the cell cannot support the reaction efficiently at that moment. Instead, the ADP is 
dephosphorylated to AMP a phosphate ion, and cellular energy. This reaction can occur in 


both directions. 
ADP <> AMP + Pi + energy 


AMP is not an ideal molecule to have in the cells. In extreme circumstances and with the 
addition of other enzymes, it can break down even further and create ammonia, which is 
toxic to the muscles and blood. The lone phosphate can also pose a problem since an 


accumulation of phosphates can cause muscle fatigue and limit physical performance. 


AMP accumulation, and a rising ratio of AMP to ATP within the cell, may overall be undesirable, 
but, as previously mentioned, studies have shown that the oxidative stress can work to 
reprogram the cell and ultimately improve muscular endurance and the response to free 


protons and phosphate ions. 


THE ENERGY SYSTEMS 


The body has three different energy systems. They can be classified as short-term, 
intermediate-term, and long-term energy systems. The systems overlap in virtually everything 
a person does, but it is important to understand each system individually to fully understand 


when they are the most active. 


AN OVERVIEW OF THE ENERGY SYSTEMS 


Imagine being asked to run at maximum effort for six minutes. Muscles have only enough 
stored ATP to last a couple of seconds. To manufacture more ATP as quickly as possible, 
muscles turn to phosphocreatine (PC). This process provides an instant source of energy— 
up to 30 seconds’ worth. However, this source is quickly depleted. The muscle’s stored ATP 


plus its phosphocreatine are collectively known as the phosphagen system. 


As muscles continue using phosphocreatine, glycolysis, in which ATP is made from glucose, 
emerges as the primary energy source. This occurs about seven seconds into the run. During 
glycolysis, a series of chemical reactions allow the body to break the glucose molecule into 
two pyruvate molecules, producing a small amount of ATP for a short amount of time— 
around two minutes. It should be stated that the process of glycolysis produces protons (H+). 
Once cellular acidity rises, muscle power declines. Research has shown that the end product 


of glycolysis is always lactic acid. 


PHOSPHOCREATINE (PC): 


A molecule found in muscle and 
brain tissue that donates its 
phosphate to ADP to form ATP 


PHOSPHAGEN SYSTEM: 


The combination of a 
muscle’s stored ATP plus its 
phosphocreatine. 


GLYCOLYSIS: 


The process of splitting a 
glucose molecule into a pair 
of pyruvate molecules. 


GLUCOSE: 


The smallest molecule a 
carbohydrate can be broken 
down into and used as an 
energy source. 


PYRUVATE: 


A three-carbon structure 
formed by splitting a glucose 
molecule. 
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ANAEROBIC: 


A process that can occur 
without the help of oxygen. 


ANAEROBIC GLYCOLYSIS: 


The process of splitting a 
glucose molecule into a pair 
of pyruvate molecules to 
produce two ATP when oxygen 
is low. 


AEROBIC METABOLISM: 


The breakdown of fuels to 
form ATP in the presence of 
oxygen. 


The phosphagen system and glycolysis are anaerobic processes, meaning that neither 
requires the presence of oxygen. These two energy systems cover the first two minutes of 
this six-minute run. Now, if the goal is to run as fast as possible for the entire six minutes, 


another pathway to generate ATP is needed. 


The body begins with the pyruvate made through anaerobic glycolysis. With the addition of 
oxygen, it undergoes a complex series of steps to break down the pyruvate until it ends up 
in the mitochondria of the cell, where ATP is generated. This aerobic metabolism can now 
manufacture ATP until the end of the six-minute run. In fact, as those minutes pass, the body 
begins using stored fat in addition to glucose to generate ATR How much stored fat used 
during these six minutes depends on an individual’s training status. If the run lasts longer 


than six minutes, stored fat will continue to be used for energy. 


The overview of the three energy systems suggests a relatively clear transition from one 
system to the next, but the transitions are not so definitive. For example, with the 6-minute 
run, the phosphagen system initiates the activity, the anaerobic glycolysis boosts energy 
production, then the aerobic energy system would start providing ATP after just 10 to 20 
seconds, reaching full power in about 60 seconds in highly trained athletes (evidence has 


shown that nonathletes may require 3 to 4 minutes to reach the same level). 


It’s also important to note that most sports, and many fitness activities, are intermittent, 
not continuous. In a typical gym workout, for example, the phosphagen system can easily 
recover during sufficient rest periods. Routines like HIIT training, where rest intervals can 
be shortened, will see a different distribution of energy-system contributions based on the 


body’s ability to recover as the rounds compound. 


Figure 6.3 Overlap of Energy Systems during Exercise 
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aerobic 


The energy system most heavil à 
h y metabolism 


recruited will depend on the 
intensity of the exercise, but all 
three systems work in cooperation. 
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It’s important to note that the goal of endurance training is to develop the body’s ability to 
use stored fat as the primary fuel source. Fat provides a virtually limitless supply of energy. 
Even an extremely lean athlete has enough stored bodyfat around the organs to fuel several 
days’ worth of movement. Burning a higher percentage of stored fat does not result in 


cellular acid buildup, as is the case when glucose is the primary fuel. 


Energy Sources during Exercise 

There are four primary sources of energy during exercise: glucose, fatty acids, lactate, and 
ketones. Whether from dietary sources, supplements, or naturally occurring in the body, 
ketones play one key role in cellular metabolism—they produce ATR The energy system 


primarily in use will determine which fuel source is the most efficient for energy production. 


PHOSPHAGEN SYSTEM (APT-PC SYSTEM) 


Every cell within the human body contains cytoplasm, a semiliquid material. Like water inside 
an aquarium, cytoplasm surrounds and supports all the living material and organelles in 
the cell. The nucleus, which contains the deoxyribonucleic acid (DNA) used for growth, 
development, functioning, and reproduction, is the only part of the cell that is not considered 


part of the cytoplasm. 


In muscle cells, cytoplasm is referred to as sarcoplasm. It serves the same purpose as the 
cytoplasm in a normal cell. The sarcoplasm of muscle cells is important as it is where the 
actions of the phosphagen system and the reaction components take place. This process 
within muscle fibers puts ATP and released energy in a prime location to be used quickly for 


muscle contraction. 


Phosphocreatine includes one phosphate molecule connected to one molecule of creatine. 
Creatine is naturally found in muscle tissue, and average creatine stores maintained will 
depend on overall muscle mass. It donates its phosphate to ADP to form ATP with the help 


of the creatine kinase enzyme. 


All chemical reactions in the body require an enzyme to occur at a speed that makes 
them biologically viable. The enzyme serves as a lock, and the substrate (a substance like 
phosphocreatine) serves as the key. Every enzyme has binding sites for a substrate that are 
specific to that molecule. For example, glucose cannot bind at the site where phosphocreatine 
can bind and cause the same reaction. When the correct substrate binds to the enzyme, 


a reaction can occur, and a product can be created. 


KETONES: 


A by-product of fatty-acid 
metabolism that can be used 
for energy. 


CYTOPLASM: 


A gel-like material that makes 
up all inner components of a 
cell except its nucleus. 


NUCLEUS: 


An organelle that controls 


a cell and holds its genetic 
material. 


DEOXYRIBONUCLEIC 
ACID (DNA): 


A molecule that contains 
genetic instructions for 
growth, development, 
reproduction, and functioning. 


SARCOPLASM: 


The cytoplasm of a muscle 
cell. 


CREATINE: 


A molecule synthesized in the 
liver and kidneys that assists 
re-formation of ATP from ADP 


CREATINE KINASE: 


An enzyme that catalyzes ADP 
to ATP as well as creatine to 
phosphocreatine. 


DID YOU KNOW 


Red blood cells and bacteria 
are the only cells without a 
nucleus? They’re 100 percent 
cytoplasm! 
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Figure 6.4 The Creatine Kinase Enzymatic Reaction 


The substrate (creatine) plus a 
phosphate binds to the enzyme 
(creatine kinase), which is also 
bound to a molecule of ADP The 
phosphate is donated to the ADP 
when both are bound. The donation 
of the phosphate group to ADP 
immediately creates a molecule 

of ATP (and a single proton as a 


by-product of the phosphate-bond 
creation), which is released and 
stimulates the release of the lone 
creatine attached to the proton. 


Product 


The creatine kinase reaction is critical for muscular contraction as it keeps the ATP-ADP 
cycle running. The more this cycle runs, the more protons will build up in the cytoplasm, 
reducing the pH of the cell. The reduction of cellular pH, as explained earlier, is referred to 
as metabolic acidosis. Within 10 to 15 seconds of maximum effort activity, the buildup of 


protons can be buffered and controlled. 


Replenishing Phosphocreatine 

The phosphagen system is limited by the supply of phosphocreatine in the body. Naturally, 
creatine is synthesized in the kidney, pancreas, and the liver from the amino acids methionine, 
glycine, and arginine. Creatine is stored in muscle tissue but also in the brain and has been 
identified as a major substrate in the immune response, the epithelial cells of the airway, 


and in neurotransmission. 


Once creatine reaches the inside of the muscle cells, it is bound to phosphate through 
rephosphorylation and becomes the active form of phosphocreatine needed for the ATP- 


ADP cycle. 


Full replenishment of stored phosphocreatine takes 15-25 minutes after maximum effort 
exercise. Partial replenishment of around 50-60 percent of baseline can occur within 15 
minutes. Research has shown that the availability of oxygen initially limits the replenishment 
of the molecule, while over time, the ability of the cell to buffer protons becomes the limiting 
factor closer to the point of full recovery. A more conditioned individual will be able to 
replenish cellular phosphocreatine within 5-10 minutes as they are generally able to take in 


and use oxygen better than an unconditioned individual. 
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DID YOU KNOW 


Creatine supplementation works (within limits)? Supplementation of creatine is common in 
both conditioned and unconditioned individuals. It is marketed as a miracle supplement that 
will help an athlete lift more and grow muscle tissue faster. However, the supplementation 


of creatine (whether monohydrate or dihydrate) simply allows for more stored creatine in 


the cells. This complements the phosphagen system, helping to delay muscle fatigue and 


increase muscular output for short-duration efforts. Three to five grams of creatine daily is 
effective for supporting energy production, and this dose has been found to be the most 


effective long term (compared to large doses of 25 grams or more). 


Glucose is the muscle’s next fastest source of ATR Glycogen is the stored form of glucose 
in the body, and it is stored in the liver and in skeletal muscle. When stored glycogen runs 
low, glucose in the bloodstream is forced into the muscle cells and broken down in a process 
called glycolysis (glyco means “glucose”; lysis means “breakdown”). Glycolysis can occur 
both in the presence of oxygen (aerobically) or without oxygen (anaerobically). In the presence 
of oxygen, the process is called oxidative phosphorylation. In the absence of oxygen, the 
process is called anaerobic glycolysis. Both processes produce many times more ATP than 


the phosphagen system. 


ANAEROBIC GLYCOLYSIS 


During glycolysis, the glucose molecule is split into two pyruvate molecules. The split is 
regulated by the coenzyme nicotinamide adenine dinucleotide (NAD+). NAD+ is found in 
all living cells and is essential for glycolysis. After going through glycolysis, it is converted 
to NADH. Importantly, glycolysis not only forms pyruvate and NADH but also releases an 
acidic proton (H+). The enzyme lactate dehydrogenase (LDH) is found in the walls of cellular 
mitochondria. This enzyme acts with pyruvate, NADH, and the excess proton (H+) to catalyze 
the release of the NADH proton and donate it to pyruvate, which forms lactate and NAD+. 
This secondary process is known as NAD+ regeneration, and the entire process is referred 


to as lactic acid fermentation. 


GLYCOGEN: 


The body’s stored form of 
glucose. 


NICOTINAMIDE ADENINE 
DINUCLEOTIDE (NAD+): 


A coenzyme that participates 
in glycolysis. 


NADH: 


The reduced form of NAD+ 
necessary for energy 
production. 


LACTATE 


DEHYDROGENASE (LDH): 


An enzyme that catalyzes the 
conversion of pyruvate and 
NADH into lactate and NAD+, 
and vice versa. 


The coenzyme NAD+ and glucose 
create two pyruvate molecules 
and an excess proton and release 
two ATP (energy) in the process. 
The pyruvate reacts with lactate 
dehydrogenase and NADH to 
create lactate and NAD+ (which 
can return to the beginning of the 
process and continue to break 
down glucose). 
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Figure 6.5 Lactic Acid Fermentation 
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So far, there are distinct differences in the ATP generation processes: Glycolysis is acidifying 
to the muscle, unlike the phosphagen system, which is alkalinizing to the muscle. Protons are 
released in both glycolysis and ATP hydrolysis. In the first few seconds of maximal activity, the 
protons from ATP hydrolysis (phosphorylation) are buffered by the creatine kinase reaction. 
Anaerobic glycolysis has a similar buffer in place, but the buffer can’t consume all the newly 


released protons when lactate is formed and NADH is recycled back to NAD+. 


Benefits of Lactate 

During short, intense activity when the phosphagen system is phasing into anaerobic 
metabolism, the buildup of lactate and protons is what causes the “muscle burn” that is 
felt by the athlete. It also causes the resulting decrease in muscular output. The intensity 
of the run doesn’t allow enough oxygen to enter the mitochondria for the exercise to be 
predominantly aerobic. Some lactate is made at rest, but it’s produced during three other 


conditions in larger quantities: 
+ Lack of oxygen in the mitochondria 
* Quick increase in exercise intensity 


+ Recruitment of type II muscle fibers 


ISSA | Strength & Conditioning | 122 


Lactate provides three primary benefits to the muscles. First, the formation of lactate from 
BUFFER: 


A process that prevents a 
the sarcoplasm. Second, when lactate accumulates, it works as a cotransporter, exiting the change in pH. 


pyruvate acts as a buffer to slow acidosis, since the conversion consumes a proton from 


sarcoplasm and entering the bloodstream and taking a proton along with it. The capacity to 


cotransport can be increased in well-conditioned individuals undergoing high-intensity, short- LACTIC ACID CYCLE: 

The pathway via which lactate 
duration training. It is important to note that the increase in protons in the blood will increase tenas ftom mede ww wer 
to be converted to glucose, 
which then returns to muscle, 
where it is metabolized back 


Third, lactate formed by the muscles can be transported to the liver and converted back to lactate. 


the acidity of the blood as well. 


into glucose through the lactic acid cycle. It’s one of several examples of gluconeogenesis, 


in which the body makes glucose from noncarbohydrate sources, usually in the liver. The GLUCONEOGENESIS: 


; : i i The formation of glucose from 
glucose created from lactate is now available to fuel muscle contractions again. Thus, lactate noncarbohydrate sources, 


occurring mainly in the liver. 


helps maintain exercise intensity when O2 isn’t available, a process that, in turn, creates 


more lactate. 


LACTATE THRESHOLD: 


Lactate that enters the blood does not always end up in the liver. In fact, lactate is the The point beyond which 
lactate accumulates in the 
preferred source of energy for the cardiac muscles of the heart. It is used for normal blood during exercise. 
resting heart activity as well as during submaximal exercise (approximately 40-60 
percent of VO2 max), when lactate is being created in the sarcoplasm and entering the 
bloodstream and when the rate of myocardial blood flow (heart rate) is beginning to 


increase above baseline. 
Lactate Threshold 


As lactate is produced, both the sarcoplasm and the blood begin to increase in acidity due to 
the excess protons. Those acidic protons are easily managed at rest or during low-intensity 
exercise. But when intensity is increased to around 55 to 65 percent of a person’s VO2 max, 
the rate of lactate accumulation exceeds the muscle’s ability to clear it. The exact point 
when lactate can no longer be cleared and begins to accumulate in the blood is the lactate 
threshold. This lactate threshold indicates the physiological point where the central nervous 


system and muscle fibers will begin to be affected by the excess of protons. 
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Figure 6.6 Relationship between Power, Lactate, and pH 
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As the power output (i.e., work 
rate) increases, lactate rises, which 
corresponds with an increase in 
H+ and blood acidity. The lactate 
threshold is the point beyond 
which lactate cannot be buffered 
and increases more rapidly in 
concentration. Consider two 
hypothetical athletes. Because 
athlete A reaches their lactate 
threshold at a lower power output 
than athlete B, athlete B is better 
conditioned. 
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The lactate threshold corresponds with a rapid drop in physical output and performance. 
An athlete will not be able to continue without decreasing speed or power to allow the 
clearance of protons from the cells. The more conditioned an individual is, the higher their 


lactate threshold will be—an ideal state for explosive athletes. 


DID YOU KNOW 


what actually causes muscle soreness? Lactate and H+ are the by-products of anaerobic 
glycolysis in cellular energy production. However, the term lactic acid is often used when 
discussing muscle soreness and fatigue. Current research shows the acidosis caused 
by the increase in lactate concentration and free protons is what causes the decline in 


muscular performance and muscle soreness—specifically the protons. 


Acidosis (and the associated muscle soreness) can be minimized when an appropriate 
recovery intensity is used between bouts of high-intensity exercise. Studies of both 
conditioned and deconditioned individuals have shown optimal lactate and proton clearance 


from the sarcoplasm and the blood occurs when recovery is near or at the individual’s lactate 


threshold.23 For example, an athlete might return to a light jog (versus a walk or complete 


stop) to recover metabolically and regain breath control after a maximum effort sprint. 


Anaerobic Glycolysis is Self-Limiting 

Starting about seven seconds into an all-out effort, anaerobic glycolysis becomes the primary 
fuel source, and it can last up to approximately two minutes. At that point, H+ accumulation 
peaks, and muscle and blood pH become so acidic that the athlete must decrease their 


effort to allow lactate and protons to clear from the system. Thus, the process is self-limiting. 


ISSA | Strength & Conditioning | 124 


There is also the fact that in the absence of oxygen, only two ATP molecules are produced for 
each molecule of glucose. This means anaerobic glycolysis is effective only for high-intensity 


activities of a relatively short duration. 


During all-out activity, the muscle’s glycogen will reach its greatest depletion in about 2.5 
minutes. At that point, it has no choice but to turn to the aerobic pathway, which cannot only 
use oxygen to produce far more ATP from each molecule of glucose but also access other 


sources of energy. 


AEROBIC METABOLISM 


The aerobic metabolism initiates after 15 to 20 seconds of maximal effort activity and 
continues from then on to produce ATP in the presence of oxygen. For this reason, oxidative 
phosphorylation is known as a long-term energy system. The exact timing of the takeover of 
this energy system is based on the conditioning of the individual—highly trained athletes 
can access their aerobic metabolism at full capacity in 60 seconds, whereas unconditioned 


individuals may take up to 4 minutes to become completely aerobic. 


The process of aerobic metabolism begins with acetyl coenzyme A (acetyl-CoA) after the 
pyruvate molecule enters the mitochondria. This molecule must be formed no matter what 
source of fuel is used to make ATP It is the “shuttle” that triggers the first stage of aerobic 
metabolism, the Krebs cycle. The second stage is the electron transport chain, also called 
oxidative phosphorylation, which forms most of the ATP produced during aerobic metabolism. 
The outputs of aerobic metabolism are ATP carbon dioxide (cellular waste that is expelled 


during respiration), and water. 


Figure 6.7 Aerobic Metabolism 
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AEROBIC METABOLISM: 


The breakdown of fuels to 
form ATP in the presence of 
oxygen. 


ACETYL COENZYME A 
(ACETYL-COA): 


The molecule that enters the 
Krebs cycle to start aerobic 
metabolism. 


KREBS CYCLE: 


A series of chemical reactions 
within mitochondria to form 
ATP from the oxidation of 
acetyl-CoA. 


ELECTRON TRANSPORT 
CHAIN: 


A metabolic pathway within 
mitochondria where the 
majority of ATP molecules 
are formed during aerobic 
metabolism. 


OXIDATIVE 
PHOSPHORYLATION: 


Another name for the electron 
transport chain. 


Here is an overview of aerobic metabolism. In the 
presence of oxygen, the initial pyruvate moves into 
the mitochondria, interacts with acetyl-CoA, enters 
the Krebs cycle, and moves through the electron 
transport chain. 
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ADIPOSE TISSUE: 


Fatty tissue that stores energy 
and cushions and insulates 
the body. 


VISCERAL FAT: 


Fat that’s stored around the 
midsection and major intra- 
abdominal organs. 


SUBCUTANEOUS FAT: 


Fat that’s stored directly 
beneath the skin. 


INTRAMUSCULAR FAT: 


Fat that’s stored within 
muscle. 


Mitochondria 

Mitochondria are essential for maintaining performance for three reasons. First, they produce 
ATP during exercise, especially when the activity lasts more than a few minutes. They allow 
type | muscle fibers, which have a high concentration of mitochondria, to contract for long 
periods of time without issue. Second, during the first 10 to 30 seconds of maximal activity, 
mitochondria absorb protons (H+), which helps offset the sarcoplasm acidity created during 
anaerobic glycolysis. Third, a greater density and higher efficiency of mitochondria help 


athletes recover more quickly between intermittent bursts of powerful activity. 


DID YOU KNOW 


Strength training and cardiovascular training can both positively affect the mitochondria? 
Strength training will not typically increase the number of mitochondria in the muscle cells. 
However, the substrates used in aerobic metabolism become more readily available, thus 


increasing the organelle’s ability to produce ATP. Cardiovascular training, on the other 


hand, has been shown to not only increase substrate concentrations but also promote 


increases in the number of mitochondria in each cell. 


Aerobic metabolism can use four potential sources of fuel: glucose, fatty acids, lactate, 
and ketones. Each can be converted into acetyl-CoA, which can then enter the Krebs cycle, 


followed by the electron transport chain, to complete aerobic metabolism. 


Glucose for Fuel 

Remember that glycolysis splits glucose into a pair of pyruvates in the sarcoplasm of 
the muscle cell. With sufficient oxygen, pyruvate moves from the sarcoplasm into the 
mitochondria, where aerobic metabolism begins. Pyruvate is a three-carbon structure, and it 


must be converted into acetyl-CoA, which is a two-carbon structure. 


Fatty Acids for Fuel 

Fat, also known as adipose tissue, is stored throughout the body in three different locations. 
Around the midsection, in the area between the abdominals and organs, is visceral fat 
(i.e., belly fat). Directly beneath the skin is subcutaneous fat, the most widely distributed 


fat in the body. And within the muscles are small amounts of intramuscular fat. 
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Fat is stored in all three locations as triglycerides. Before they can be used for energy, they’re 


TRIGLYCERIDES: 


The stored form of fatty acids. 


broken down into fatty acids through a process called lipolysis. Although it works differently, 


it’s the equivalent of glycolysis, which breaks down glucose. 


The hormone epinephrine (also known as adrenaline) plays multiple roles during exercise, LIPOLYSIS: 


; : 3 f The breakdown of triglycerides 
including the release of fatty acids. It attaches to receptors on fat cells, which causes the into fatty acids. 


enzyme hormone-sensitive lipase to break down triglycerides into fatty acids, allowing them 
to flow into the blood, which transports them to the muscles. Once those fatty acids reach Ei OLUN S a 


the muscle, they move into the sarcoplasm and then into the mitochondria. The fatty acids LIPASE: 


i g ae , An enzyme that catalyzes the 
then go through a process called beta-oxidation (6-oxidation) to transform into acetyl-CoA. breakdown of triglycerides into 


fatty acids. 
Lactate for Fuel 
Muscles produce lactate during the first few minutes of exercise, even when they have BETA-OXIDATION 


sufficient oxygen. The lactate can then be used for energy through one of these two processes. ( B-OXIDATION): 
The catabolic process that 
breaks down fatty acids into 


Remain in the muscle: Lactate can stay inside the muscle, where it converts 
acetyl-CoA. 


back to pyruvate. It then enters the mitochondria and produces ATR 


Move to other areas: Some of the lactate will leave the sarcoplasm and go into 
the bloodstream. From there it can flow into another working muscle, including 
the heart. Or it can move to the liver, where it’s converted to pyruvate, then to 
glucose, and then sent back through the bloodstream to wherever it’s needed. 
If it’s not needed, the glucose can be converted to glycogen and stored in the 


muscles or liver to fuel future activity. 


INSULIN: 


A hormone produced in the 
pancreas that regulates the 
metabolism of carbohydrates, 


isn’t available. They’re a normal part of human metabolism and usually well controlled by the fats, and proteins. 


Ketones for Fuel 


Ketones are an acidic by-product of fatty acid metabolism, produced in the liver when glucose 


hormones insulin and glucagon. 


GLUCAGON: 
Trouble arises when starvation, a severe illness or infection, or a chronic disease like A hormone produced in the 
pancreas that increases levels 
of glucose and fatty acids in 
blood. 


diabetes forces the liver to metabolize large amounts of fatty acids. Supraphysiological blood 


ketone levels can cause metabolic acidosis and put stress on the kidneys. If ketones remain 


elevated too long, it can lead to ketoacidosis, a potentially fatal health problem. 
KETOACIDOSIS: 


A metabolic state where 


high levels of ketones are in 
the blood due to fatty acid 
metabolism. 
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During exercise, ketones don’t typically play a significant role in ATP production. But they will 


have an effect in extreme circumstances such as the following: 


+ A diet very low in carbohydrates 
+ An ultralow calorie diet 
+ An ultramarathon or another extreme endurance event 


Ketones are also a significant source of ATP for the brain in those circumstances. After three 
days on a low-carbohydrate diet, for example, ketones provide as much as 30 percent of the 
brain’s needs. After weeks without carbohydrates, ketones could supply up to 70 percent. 


The heart can also use ketones for energy. 


When ketone levels are high during exercise, they can easily travel from the blood into the 
muscle and then into the mitochondria, where they are converted to acetyl-CoA, enter the 


Krebs cycle, and produce ATR 


Acetyl-CoA 

Regardless of the fuel source, acetyl-CoA is the central metabolite that initiates the aerobic 
metabolism process within the mitochondria.27 In the initial step of the Krebs cycle, acetyl- 
FLAVIN ADENINE CoA donates an acetyl group to a substrate called oxaloacetate to form the substrate citrate 
DINUCLEOTIDE (FADH2): and two ATP molecules, thus entering the energy-production cycle. 


A compound produced in the 
Krebs cycle that supports ATP ae . 
formation. The Citric Acid Cycle 


The Krebs cycle is also referred to as the citric acid cycle (named for one of its by-products). 
The cycle consists of eight consecutive steps in a closed loop—meaning the final step of the 


process re-creates the compound used in the initial step of the cycle. 


The cycle is a series of hydration, dehydration, redox, and decarboxylation reactions that 
result in the formation of carbon dioxide, ATP NADH, and flavin adenine dinucleotide (FADH2). 
NADH and FADH2 are crucial products as they are required to contribute electrons to the next 


step in aerobic metabolism. 
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Figure 6.8 The Krebs Cycle (Citric Acid Cycle) 


9 
nci 
AcetiCoa 


For the purposes of this course, knowledge of the detailed reactions that occur at each step 
in the citric acid cycle is unnecessary. However, the results of the cycle feed into the next 
step of ATP production. Each citric acid cycle produces one ATR three NADH, one FADH2, 


two carbon dioxide, and three protons (H+). 


The Electron Transport Chain 

This is the stage where most of the ATP is produced in aerobic metabolism—32 ATR in fact. 
The electron transport chain uses the FADH2 and NADH from the citric acid cycle to release 
electrons through a series of three intermembrane transporters. In the process, protons 
(H+) are moved into the intermembrane space, and oxygen is reduced to produce water as 
a by-product. The final intermembrane transporter is ATP synthase. This enzyme moves the 
protons back into the mitochondrial matrix from the intermembrane space and, in the process, 


phosphorylates one ADP into one ATP for each proton transported across the membrane. 


This is an overview of the energy-producing cycle. It is a 
closed loop, meaning the initial compound is created by 
the final step of the cycle. 
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Figure 6.9 The Electron Transport Chain and ATP Synthase 


NADH and FADH, contribute electrons to the 
three intermembrane transporters (olive, 
orange, and green). The resulting protons (H+) 
are pulled back into the cell via ATP synthase 
(purple) to drive the phosphorylation of ADP 
and produce ATP 


The various sources of fuel for aerobic metabolism will ultimately determine how many ATP 
can be produced. Glucose, fatty acids, lactate, and ketones each supply a different number 
of carbon molecules to the initial carbon donation to the citric acid cycle. 

The use of different initial fuel sources will dictate how much ATP will be produced. Fats are 


the most effective at producing ATP 


DID YOU KNOW Table 6.1 ATP Production from Various Fuel Sources 


That dietary carbohydrates 
break down to glucose, and 
fats are broken down into 
fatty acids? Both are obvious 


fuel sources for aerobic 
metabolism. Dietary protein is Glucose 2 pyruvate 6 (3 for each pyruvate) 30-32 ATP 


MOLECULE NUMBER OF ATP 


DONATING CARBONS DONATED PRODUCTION 


broken down into amino acids 


much like ketones. Since it Fatty acids 1 palmitic acid 16 106 ATP 
is possible for amino acids 


to enter the citric acid cycle, 


ea ‘ Lactate Lactate 6 30-32 ATP 
protein is a viable source 


of energy during exercise. 
However, it is estimated Ketones Amino acids 2 22 ATP 


that protein contributes 3-5 
percent of total energy when 


stress is placed on the body. THE WHOLE PICTURE 


Bioenergetics detail the processes that take the food humans consume and cellular fuel 


sources and turn them into usable and recyclable energy. ATP water, and carbon dioxide are the 
ultimate end products of all cellular metabolism. With knowledge of the digestive system, a 
fitness professional can better understand why proper eating habits are necessary, especially 


for athletes. The knowledge of the respiratory system allows a coach to fully understand how 


metabolic waste is expelled, as well as the importance of cardiovascular training for any client. 
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FORCE: 


The product of mass times 
acceleration. 


BIOMECHANICS: 


The study of mechanical 
laws related to movement or 
structure. 


DYNAMIC: 


Systems in motion with 
acceleration. 


STATIC: 


Systems at rest or with no 
acceleration. 


KINEMATICS: 


The properties of the motion 
of an object. 


VELOCITY: 


Direction and rate of 
displacement. 


KINETICS: 


The forces acting on a body in 
motion. 


LEVER: 


A rigid bar turning about an 
axis. 


SPEED: 


How fast an object moves. 


AXIS: 


Point of rotation around which 
a lever moves. 


STUDY OF BIOMECHANICS 


The human body is subject to constant force from both external and internal forces. 
Biomechanics provides insight into the interaction of these forces and how the body’s form, 
motion, and functions can overcome. The movement of the human body is a combination 
of complex and coordinated mechanical interactions between the musculoskeletal system 
components. Bones, joints, muscles, ligaments, and tendons are all working together. Injury 
to any part of this detailed system can lead to dysfunction and instability of movement. 
However, a certified professional can modify, manipulate, and control the mechanical 


movements to correct dysfunctions, accelerate healing, and correct general abnormalities. 


MECHANICS 


Mechanics are divided into two categories: dynamic and static. Dynamic systems are in 
motion with acceleration and create uneven forces acting on the body. Static systems are 
at rest or with no acceleration. They can be still and with no motion or in constant motion 
with no acceleration. The differentiation of the two states can be further divided as to the 
role they play in human motion. Kinematics describes motions of the body and factors like 
velocityand acceleration. Kinetics, on the other hand, describes the forces producing the 


motions of the body. 


The human body is much like a series of machines used to increase the mechanical 
advantage of movement. There are three musculoskeletal arrangements responsible for 
human movement. The most common are lever systems with a combination of wheel axles 
and pulleys throughout the body. All three of these machines within the body work to balance 
forces, enhance force to reduce the total force required to overcome resistance, alter the 


direction of force, and enhance range of motion and speed of movement. 


LEVERS 


Levers are the most commonly found mechanical machines within the human body. They 
cannot be altered, but the body can use them to be more efficient. A lever consists of a bar 
and an axis or point of rotation the lever moves around. Levers rotate around an axis (or 
fulcrum) as a result of force (also referred to as load or effort) applied to move weight or 


applied against resistance. 
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Figure 7.1 Lever 


The lever moves around the axis (fulcrum) 
as a result of effort (load or force) applied to 
move the resistance (or weight). 


Fulcrum 


Within the body, the bones are the levers, the joints are the axes, and the muscles contract 
to apply force. There are three types of levers within the human body, and the location of the 


fulcrum, resistance, and effort (force) differentiate the three. 


FIRST-CLASS LEVERS 


For a first-class lever, the fulcrum (axis) is located between the effort and the load (resistance). 
This type of lever creates balanced movements when the fulcrum is centrally located between 
the effort and load—like a seesaw. The fulcrum, however, can be offset to one side or the 


other as with the triceps in elbow extension and the functioning of a crowbar. 


In the human body, an example of a first-class lever is the extension and flexion of the neck, 


with the fulcrum at the base of the skull. 


SECOND-CLASS LEVERS 


For a second-class lever, the load (resistance) is located between the fulcrum (axis) and the 
effort. Force movements are easily created by second-class levers as the load can be moved 
with relatively small effort with the fulcrum at the extreme end of the lever. A wheelbarrow and 


a nutcracker are second-class levers. 


In the human body, an example of a second-class lever is the plantar flexion of the foot used 
to raise up to the toes, with the ball of the foot acting as the fulcrum. Minimal instances of 


this type of lever can be found in the body. 


“wr 
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THIRD-CLASS LEVERS 


For a third-class lever, the effort is between the fulcrum (axis) and the load (resistance). 
These levers are well adept at producing speed and range of motion and are the most 
common type of lever in the body. Like shoveling or paddling a boat, this lever requires a 


decent amount of effort (force) to move a small load. 


In the human body, an example of a third-class lever is the elbow flexion driven by the biceps 


brachii, with the elbow joint acting as the fulcrum. 


Figure 7.2 Classes of Levers 


Examples in daily objects and within the 
human body of a first-class, second-class, 
and third-class lever. 


TORQUE: TORQUE 


The turning effect of an . . ; ; 
eccentric force. Torque is the turning effect of force applied to the various levers to create movement. The 


contraction of muscles creates an eccentric force to a bone, causing it to rotate around its 


ECCENTRIC FORCE: axis. This concept is different from eccentric muscle contraction. 


Force applied in a direction 


not in line with the center of 
rotation when an axis is fixed. 
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Torque is determined by multiplying the force (effort) by the length of the force arm, 


FORCE ARM: 


The distance between the 


the distance between the fulcrum and the force or load. It is crucial to understand, 


however, that the torque can be increased by lengthening the force arm and increasing fulcrum and the force or load 
application in a lever. 


the leverage to move the load. 


Figure 7.3 Torque and the Length of the Force Arm 


á 
pis 


Force 


The moment represents the torque created. To increase 
leverage, the distance between the fulcrum and the force 
must be increased. 


Levers and torque are all important concepts within the human body. The body is built for 
speed and range of motion using force. Some human movement requires levers in multiple 
places working simultaneously. For example, throwing a ball involves levers at the wrist, 


elbow, and shoulder. 


Torque affects human movement as the length of the lever determines the amount of velocity. 
For example, a tennis player can strike a tennis ball harder and with more velocity with a 
straight arm than with a bent elbow because the lever (their arm and the racket) is longer and 
can move faster. This is also evident in sports like baseball, hockey, and golf, where lengthy 


implements are used. 


A shorter lever can be used when speed is desired instead of velocity. This is evident when a 


sprinter shortens their knee lever and creates enough flexion to put their heel to their glutes. 
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WHEEL AXLES AND PULLEYS 


f Wheels, axles, and pulleys are mechanisms within the body that enhance range of motion 


and speed or change the direction of movement. 


WHEELS AND AXLES 


This mechanism is another form of a lever. Wheels and axles work together—if one turns, 
so does the other. The center of the axle and the wheel act as the fulcrum of movement with 
the radius of the wheel and axle corresponding to force arms. A bike wheel rotating around 
its axis on the bike frame or a water well with a crank to lower and raise a water bucket are 


examples of this mechanism. 


Figure 7.4 Wheel and Axle 


The wheel and axle move in tandem. 


A mechanical advantage can be established based on the ratio of the two diameters. 
For example, if the wheel is five times the diameter of the axle, the wheel has a five-to-one 


mechanical advantage to the axle. 


An example of a wheel and axle in the human body is a throwing motion. When an athlete 
throws a ball, the humerus acts as the axle, and the arc of the arm movement measured at 
the object thrown represents the radius of the wheel. The more the arm is extended, the 


more speed can be developed as the wheel and axle rotate and the ball is thrown. 
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PULLEYS 
PULLEY: 


A pulley is a machine changing the direction of force production. This type of machine can be A simple machine changing 
the direction of force 


arranged as a single pulley, a movable pulley, and a system of two or more together. Single application 


pulleys are found in the human body. A simple example of a pulley in the body is the action 
of foot plantar flexion and eversion resulting from the pulley of the malleolus bone and the 
tendon of the peroneus longus in the ankle. As the peroneus longus contracts, the muscle is 
shortened toward the knee. The malleolus bone in the lateral ankle acts as the pulley around 
which the tendon moves as it pulls on its insertion point at the medial cuneiform and first 


metatarsal base. The result is plantar flexion and eversion of the foot. 


LAWS OF MOTION 


In the 1600s and 1700s, several philosophers, scientists, and artists—including Aristotle, 
Galileo, Leonardo da Vinci, and Sir Isaac Newton—established, tested, and refined theories 
about motion and factors like force, acceleration, and resistance. Their theories, over time, 


have become known as the laws of motion. 


LINEAR: 
Motion of the human body is always initiated by a muscular contraction. These contractions Movement along a line 
fates g (straight or curved). 
initiate and propagate movement and are the source of force. There are two types of motion 


for human movement: linear and angular. Movement can occur in either a straight line or 


ANGULAR: 


a curved line or rotate around an axis. Rotation around an axis: 


In the musculoskeletal system, linear and angular motions are related. For example, 


DISPLACEMENT: 

The distance an object is 
applies to movements occurring beyond the body but resulting from the motion of the body. displaced from a starting 
point. 


the angular motion of a joint can produce the linear motion of walking forward. This also 


For example, the angular motion of the joints to produce a baseball swing creates linear 


motion in the object struck—the baseball. 


DISTANCE: 


Total or sum of the length an 


The laws of motion explain everything seen in sports and skills. ; 
object travels. 


Displacement describes the distance an object is displaced from its starting point. Distance 


refers to the total or sum of the length of travel. The concepts of linear and angular movement ANGULAR 
DISPLACEMENT: 


The change of location of a 
change in location of a rotating object. Linear displacement is the distance an object moves rotating object. 


can be applied to both displacement and distance. Angular displacement refers to the 


in a straight line. The velocity of an object refers to the direction and rate of its displacement, 


while the speed at which it travels indicates how fast the object is moving. LINEAR DISPLACEMENT: 


The distance an object moves 
in a straight line. 
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INERTIA: 


the resistance of a physical 


object to any change in its 
velocity including speed and 
direction. 


The balls continue moving even 
after the tray of balls is stopped. 
The coin on the paper falls to the 
bottom of the glass of water— 
returning to rest—when the paper 
holding it is quickly removed. 


ACCELERATION: 


The rate of change of velocity. 


MASS: 


The amount of matter in an 
object. 


LAW OF INERTIA 


Newton’s first law, the law of inertia, states a body in motion tends to stay in motion while 
a body at rest tends to stay at rest. Inertia refers to the resistance to action or change, 
describing acceleration and deceleration in the human body. The biomechanical system 
maintains the current motion whether the body or a segment is moving or at rest. Only force— 


muscular contraction—can change the status of movement. 


Figure 7.5 Inertia 


The tenden 
its state 


The tendency of an object 
to stay at rest 


preserve 
motion 


More force is needed to change the inertia for objects with larger mass. For human movement, 
a single-direction activity at a steady pace, like a jog, will conserve energy. More energy is 
required to play basketball or volleyball, for example, where the direction of movement and 


pace of the game vary. 
LAW OF ACCELERATION 


Newton’s second law, the law of acceleration, has two parts. First, a change in acceleration of 
mass occurs in the same direction of the force causing it. Second, the change of acceleration 


is directly proportional to the force causing it and inversely proportional to the mass of the body. 


In application, the force needed to accelerate a 250-pound adult will be greater than the force 
needed to accelerate a 130-pound adult, just as the force needed to run at eight miles per 


hour is greater than the force needed to run at four miles per hour. 
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LAW OF REACTION 


Newton’s third law, the law of reaction, states for every action there is an opposite and equal 
reaction. In application with human movement, the human body provides the force to move, 
and the surface on which it moves provides the reactionary force in opposition. Concrete 
has a higher reaction force than gravel, making it easier to run on a sidewalk than in sand. 
Concrete is able to resist the runner’s foot equally, while the sand dissipates the runner’s 


force, creating a loss of speed and force in the forward direction. 


Figure 7.6 Law of Reaction 


The ball’s action is toward the 
ground, and the ground reacts in 
the opposite direction. 


FRICTION 


Friction is a physical force affecting the body’s ability to create force, accelerate, and FRICTION: 


decelerate. Friction is the force created by the resistance between two surfaces of two The force created by the 


resistance between two 
objects moving across one another. surfaces of two objects 
moving across one another. 


Depending on the movement or sport, friction may or may not be desired. When walking or 
running on a solid surface, the participant relies on the friction between the feet and the 
ground to exert force against each other and propel forward. With low friction, the ground 
feels slick, and the participant is more likely to lose their footing. However, an ice skater 


would prefer less friction as it aids their skates in moving smoothly across the ice. 
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STATIC FRICTION: 


The friction between two 
objects not moving. 


KINETIC FRICTION: 


The friction between two 
objects moving across one 
another. 


ROLLING FRICTION: 


The friction when one object 
rolls across a surface. 


BALANCE: 


The ability to control 


equilibrium. 


EQUILIBRIUM: 


A state of no acceleration with 


the body at rest. 


STABILITY: 


The resistance to change the 
body’s acceleration or disturb 
equilibrium. 


STATIC EQUILIBRIUM: 


When the body is completely 
at rest. 


DYNAMIC EQUILIBRIUM: 


When all forces are in balance 
and the movement of the body 


is steady and unchanging. 


CENTER OF GRAVITY: 


The point at which body 


mass and weight are evenly 
distributed. 


There are three types of friction: static friction, kinetic friction, and rolling friction. 
Static friction is the friction between two nonmoving objects, like a plyometric box sitting on 
a rubber floor. Kinetic friction is created between two objects sliding across one another, like a 
sled pushed across turf. Rolling friction applies when one object is rolling across a surface, 


like a bowling ball down a lane. 


Figure 7.7 Types of Friction 


Static friction, sliding 
friction, and rolling 
friction. 


Sliding 
friction 


Sliding 
friction 


Rolling friction 


BALANCE, EQUILIBRIUM, AND STABILITY 


In human movement, balance, equilibrium, and stability are constantly challenged. Muscular 
force production to create movement innately creates an imbalance or instability within the 


body and must be corrected to prevent movement dysfunction or collapse. 


Equilibrium is the state in which all objects desire to be. For the human body, it is possible 
to achieve static equilibrium when the body is at rest as well as a dynamic equilibrium 
when the body is moving at a steady and unchanging speed or direction. However, to control 


balance and equilibrium, stability needs to be maximized. 


Stability is maximized when the center of gravity can be determined and, if necessary, 
shifted. The center of gravity is the point at which both body mass and weight are equally 


distributed. Stability and balance are affected by several factors—controllable or not. 
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When an individual’s center of gravity falls within a base of support and the base is 
proportionate to the activity, the individual will be balanced. In general, when the base of 
support is larger, the individual will be more balanced. Examples of this include the wide foot 


stance of a volleyball player passing a ball or a shortstop fielding a baseball. 


The height of the center of gravity will affect an individual’s balance. A football center standing 
up before a play has a higher center of gravity and less stability than when assuming their 
stance to snap the football with one or both knuckles on the ground. The football center can 
increase balance by widening their feet as they move into their stance to snap the football. 


A wider or larger base of support in anticipation of oncoming force increases stability. 


Movement can be stabilizing or destabilizing. For a bicycle, movement around the axis when 
the wheels are moving makes the bicycle more stable than when both wheels are static. 
However, when a person begins to walk, they are thrown out of balance with each step they 
take. As the person begins to run, their stance will adjust, moving their center of gravity closer 


to the ground to maintain balance, especially if they are stopping or changing directions. 


FORCE 


As discussed, the body’s force is created by muscles and muscular contractions. The force 
produces or changes the movement of a body part or the entire body and has an effect on 
an external object, such as a ball thrown. Stronger muscles produce more force than weaker 


muscles. 


Force is a product of mass times acceleration where momentum is equal to mass times 


velocity and represents the quantity of motion. The greater the momentum of an object, 


MOMENTUM: 


the more it will resist a change in inertia. The product of an object’s size 


and its velocity (mass times 
Force is an important concept in sports and fitness as it is compounded and can be increased velocity). 


by training the contributing muscles and joints (and associated levers, wheels and axles, and 
pulleys). Most activities require the sum of forces from the beginning of a movement to the 
end. For example, when throwing a ball, the force created from the twisting of the lower body 
and trunk and the rotation at the shoulder, elbow, and wrist all combine to create the total 
force produced to complete the throw. The same can be applied to a golf swing, volleyball 


serve, or soccer penalty kick. 
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MECHANICAL LOADING 


To better understand the mechanics in biomechanics, the idea of loading must be defined. 
Loads can be external or internal forces. Mechanical loads are external and exhibit force 
on the tissues, bones, and joints of the body. Internal loads can arise only from muscle 
contraction, but the ligaments, tendons, and joint capsules transmit and passively generate 


force in conjunction. 


The body adapts to absorb energy from internal and external forces. If it was unable to adapt, 
tissue and bone deformation would occur much more readily. Both forces have the ability 
to fracture bones, dislocate joints, and disrupt body tissues, but these damages to tissue 


usually occur only under extreme and acute stress. 


TENSION: 


Sretching or strain Strong, healthy tissues are more resistant to injury from mechanical loading. However, 


mechanical loading places stress on the body and creates deformation in several ways: 


COMPRESSION: 


Reducing in volume and + Tension: stretching or strain 
increasing in pressure. 


+ Compression: reducing in volume and increasing in pressure 


BENDING: 


ehepine ina a eive w mnde: + Bending: shaping into a curve or angle 


+ Torsion: twisting 


TORSION: 


Twisting. + Shearing: cutting or breaking 


These potential deformations can be avoided when the force is absorbed over a larger part 


SHEARING: 


Cutting or breaking. of the body over time. 
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ANATOMICAL REFERENCE TERMS 


The terms used to reference an anatomical position or location will be used extensively throughout 


this chapter. As a reference, the most common anatomical terms are included in table 7.1. 


Table 7.1 Anatomical Terms for Review 


ANATOMICAL LOCATION TERM DEFINITION 


, Front of the body relative to another reference 
Anterior or ventral í 
point 
: Back of the body relative to another reference 
Posterior or dorsal j 
point 
Superior Above a reference point 
Inferior Below a reference point 
. Position relatively closer to the midline of the 
Medial 
body 
Position relatively farther from the midline of the 
Lateral 
body 
Proximal Position closer to a reference point 
Distal Position farther from the reference point 
Bilateral Refers to both sides 
Unilateral Refers to only one side 
Superficial Near the surface 
Deep Further beneath the surface 
Cephalic Toward the head 
Caudal Toward the bottom 
Prone Lying facedown 
Supine Lying on one’s backside 
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SAGITTAL PLANE: 


Divides the body into right 
and left segments. Examples 


include flexion and extension. 


FRONTAL (CORONAL) 


PLANE: 


Separates the body into 
ventral (anterior) and dorsal 
(posterior) segments. 
Examples include abduction, 
adduction, and lateral. 


TRANSVERSE (AXIAL) 
PLANE: 


Separates the body into 
superior and inferior 
segments. An example is 
rotational movement. 


The terms for anatomical movement are critical to understanding the biomechanics of the body. 


For review, the applicable terms are included. 


Table 7.2 Terms for Anatomical Movement 


DEFINITION/ACTION 


Flexion Movement decreasing the angle between two body parts 


Extension Movement increasing the angle between two body parts 
Abduction Movement away from the midline 
Adduction Movement toward the midline 


Medial rotation Rotational movement toward the midline 


Lateral rotation Rotational movement away from the midline 


Elevation Movement in a superior direction 


Depression Movement in an inferior direction 
Pronation Turning the palm or arch down 
Supination Turning the palm or arch up 
Dorsiflexion Flexion of the foot upward (superiorly) 


Plantar flexion Extension of the foot downward (inferiorly) 


Inversion Movement of the sole toward the median plane 


Eversion Movement of the sole away from the median plane 


Circular movement of a limb extending from the joint where the movement 


Circum ion $ 
auctio is controlled 


ANATOMICAL PLANES OF MOVEMENT 


Three hypothetical planes describing the direction of movements or the location of body 
structures include the sagittal plane, frontal (coronal) plane, and transverse (axial) plane. 
The frontal plane is sometimes referred to as the coronal plane, just as the transverse plane 


is often called the axial plane, depending on the source. 


The sagittal plane divides the body into right and left segments. Flexion and extension are associated 
with the sagittal plane. The frontal or coronal plane separates the body into ventral (anterior) and 
dorsal (posterior) segments. Abduction, adduction, and lateral flexion are associated with this 
plane. The transverse or axial plane separates the body into superior and inferior segments and is 


associated with rotational movements. 
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Figure 7.8 Anatomical Planes 


The sagittal, frontal (coronal), 
and transverse (axial) planes are 
used to describe the direction of 
movement or the location of body 
structures. 


p” «<2 


Many movements occur in more than one plane simultaneously. Throwing a baseball, shooting 


MULTIPLANAR MOTIONS: 


a basketball, and kicking a soccer ball are all multiplanar motions. In fact, it’s rare for any Movements occurring in more 


than one anatomical plane. 


motion to be limited to one plane—for example, exercising on a machine with a fixed axis. 
USING THIS INFORMATION 
DIRECTION OF 


Understanding anatomical planes is the first step to understanding the joint and muscle ROTATION: 
actions of human movement. Next, a distinction must be made between the direction The direction a joint moves 


, x z ‘ ia : around its axis. 
of rotation and the direction of resistance for a joint or a muscle, respectively. 


A joint has only the ability to rotate, so the direction of rotation refers to the direction DIRECTION OF 


a specific joint moves around its axis. RESISTANCE: 


The direction of the resistance 


F ‘ 3 š of the load on a joint—always 
Figure 7.9 Direction of Rotation at the Elbow arae onthe deon ai 


rotation. 


The arrow depicts the left elbow’s 
direction of rotation. 
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The direction of resistance is established from where the load is pulling. With a free-weight 
exercise, the direction of resistance is always straight down due to gravity. However, for the 
triceps to perform elbow extension, the direction of resistance must be opposite the direction 
of rotation of the elbow. For this exercise the participant will need a cable or band—a modality 


with resistance in both directions. 


Figure 7.10 Direction of Rotation and Direction of Resistance 


direction of 
The direction of resistance must be rotation 


opposite the direction of rotation. 


direction of 
resistance 
(cable/band) 


JOINT ACTIONS 


As a strength and conditioning specialist, it is important to understand which muscles are 
driving specific joint actions. Broken down into body regions, the joint actions and muscles 


involved in the anatomical movements of the body region are detailed in this chapter. 


CERVICAL SPINE ACTIONS AND MUSCLES 


The cervical spine consists of seven cervical vertebrae (C1-C7). This region of the neck 
is designed for mobility, so it can perform four primary movement patterns using all three 
anatomical planes. Flexion and extension occur in the sagittal plane, rotation occurs in the 
transverse plane, and lateral flexion occurs in the frontal plane. The sternocleidomastoid 
muscle can perform two opposing actions—flexion and extension—due to its multiple 


attachment points. 
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Figure 7.11 Cervical Flexion and Extension 


A) Flexion B) Extension 


Muscles of cervical flexion: Longus colli, scalenus anterior, and sternocleidomastoid (flexes 
lower cervical). 
Muscles of cervical extension: rectus capitis posterior major and minor, obliquus capitis 


superior, and sternocleidomastoid (extends upper cervical). 


Figure 7.12 Cervical Rotation and Lateral Flexion 


A) Rotation B) Lateral flexion 


Muscles of cervical rotation: rectus capitis posterior major and minor and obliquus capitis 
inferior. The sternocleidomastoid, scalenus posterior, and scalenus medius and anterior 
perform rotation from the opposite side of the movement (the left sternocleidomastoid 


rotates the head to the right). 


Muscles of cervical lateral flexion: obliquus capitis superior; sternocleidomastoid; 


and scalenus posterior, medius, and anterior. 
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Table 7.3 Anterior/Lateral Neck and Suboccipital (Posterior Skull) Muscles 


ANTERIOR/LATERAL NECK MUSCLES 


MUSCLE 


ORIGIN 


INSERTION 


ACTION 


Sternocleidomastoid 


Manubrium, 
medial clavicle 


Mastoid 
process, 
superior nuchal 
line 


Bilateral flexion of the neck, 
hyperextension of the head. 
Unilateral neck bend (laterally) 
and rotates face to the opposite 
side 


C3-C6 Bilateral flexion of the neck. 
Scalenus anterior transverse First rib Unilateral neck bending 

processes (laterally) 

C2-C7 Bilateral flexion of the neck. 
Scalenus medius transverse First rib Unilateral neck bending 

processes (laterally) 

C5-C6 Bilateral flexion of the neck. 
Scalenus posterior transverse Second rib Unilateral neck bending 

processes (laterally) 


Platysma 


Superior fascia 
of deltoid/ 
pectoral regions 


Inferior border 
of mandible 


Facial expression and 
depression of the mandible 


SUBOCCIPITAL (POSTERIOR SKULL) MUSCLES 


MUSCLE 


ORIGIN 


INSERTION 


ACTION 


Rectus capitis 
posterior, major 


Spinous process 
of the axis C2 


Inferior nuchal 
line 


Extension of the atlanto-occipital 
joint, rotation 


Rectus capitis 
posterior, minor 


Posterior arch of 
atlas C1 


Inferior nuchal 
line 


Extension of the atlanto-occipital 
joint, rotation 


Obliquus capitis, 
superior 


Transverse 
process of atlas 
C1 


Occipital bone 


Flexion (lateral) of the atlanto- 
occipital joint 


SHOULDER GIRDLE: 


The set of bones and 
associated muscles 


Obliquus capitis, 
inferior 


SHOULDER GIRDLE 


Spinous process 
of the axis C2 


Transverse 
process of the 
atlas C1 


Rotation of atlanto-axial joint 


The shoulder is often thought of as the attachment where the upper arm meets the trunk. 


However, there are three primary joints forming the shoulder girdle. The glenohumeral (GH) 


connecting the arm to the 
trunk. In humans this includes 
the clavicle and scapula. 


joint is the most mobile of the three. The second is the acromioclavicular (AC) joint, where 


the clavicle attaches to the uppermost portion of the scapula (acromion). The third is the 


sternoclavicular (SC) joint, where the medial portion of the clavicle attaches to the sternum. 
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A fourth location for shoulder movement is the scapulothoracic (ST) region, where the scapula 


sits close to the rib cage. This is not a true joint but is important for biomechanics. 


Movements of the shoulder girdle are primarily driven by muscles crossing the GH and ST 
joints. Therefore, the six primary movements of the shoulder girdle are described at these two 


joints. The AC and SC joints also contribute to these six movements. 


Glenohumeral Joint Actions and Muscles 
The GH joint is formed by the round, convex head of the humerus sitting against the concave 
surface of the glenoid fossa. This convex-on-concave combination decreases the stability 


of the GH joint, but it allows for a wide range of motion in all three planes. 


Figure 7.13 Glenohumeral Flexion and Extension 


A) Flexion B) Extension 


Extension continues until the arms move behind the body as far as possible. 


Muscles of GH flexion: anterior deltoid, pectoralis major (clavicular and sternal heads), 


coracobrachialis, and biceps brachii (long and short heads). 


Muscles of GH extension: posterior deltoid, latissimus dorsi, triceps brachii (long head), and 


pectoralis major (sternal head) when the GH joint is flexed past 30 degrees. 


CONVEX: 


A shape curving outward with 


the middle thicker than the 
edges. 


CONCAVE: 


A shape curving inward with 


the edges thicker than the 
middle. 
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Figure 7.14 Glenohumeral Abduction and Adduction 


A) Abduction - B) Adduction 


Abduction continues to the 
maximum end range overhead. 
Adduction continues down and 
across the midline of the body as 
far as possible. 


Muscles of GH abduction: supraspinatus, middle deltoid, anterior and posterior deltoids 
when the GH joint is adducted beyond 60 degrees, and the pectoralis major (clavicular 
portion) when the GH joint is adducted beyond 90 degrees. 

Muscles of GH adduction: latissimus dorsi, teres major, pectoralis major (sternal portion), 
coracobrachialis, pectoralis major (clavicular portion) when the GH joint is adducted below 90 


degrees, and the anterior and posterior deltoids when the GH joint is adducted below 60 degrees. 


Figure 7.15 Glenohumeral Internal and External Rotation 


A) Internal rotation B) External rotation 
j 


With the GH joint abducted 
to 90 degrees. Both 
movements continue until 
the end range of motion. 


7 


Muscles of GH internal rotation: subscapularis, anterior deltoid, latissimus dorsi, teres 


major, and pectoralis major (clavicular and sternal heads). 


Muscles of GH external rotation: teres minor, infraspinatus, and posterior deltoid. 
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Figure 7.16 Glenohumeral Horizontal Adduction and Adduction 


A) Horizontal adduction 


B) Horizontal abduction 


e 


Muscles of GH horizontal adduction: pectoralis major (clavicular and sternal portions), 


subscapularis, anterior deltoid, and coracobrachialis. 


Muscles of GH horizontal abduction: teres major and minor, infraspinatus, posterior deltoid, 


and latissimus dorsi. 


Table 7.4 Muscles with Actions at the Glenohumeral Joint 


MUSCLE 


GLENOHUMERAL JOINT MUSCLES 


ORIGIN 


INSERTION 


ACTION 


Anterior deltoid 


Lateral clavicle 


Deltoid tuberosity 
of humerus 


Abduction of the shoulder, flexion, 
medial rotation, and horizontal 
adduction 


Middle deltoid 


Acromion process 


Deltoid tuberosity 
of humerus 


Abduction of the shoulder 


Posterior deltoid 


Scapular spine 


Deltoid tuberosity 
of humerus 


Abduction of the shoulder, 
extension, hyperextension, lateral 
rotation, and horizontal abduction 


Coracobrachialis 


Coracoid process of 
scapula 


Medial humerus 


Shoulder stability 


Teres major 


Inferior angle of 
scapula 


Medial border of 
bicipital groove 


Extension of the shoulder, 
adduction, and medial rotation 


Pectoralis major 
(clavicular 
portion) 


Pectoralis major 
(sternal portion) 


Medial clavicle 


Sternum and costal 
cartilages of ribs 1-6 


Lateral border of 
bicipital groove 


Lateral border of 
bicipital groove 


First 60° of shoulder flexion 


First 60° of shoulder extension 


Latissimus dorsi 


T7-L5 spinous 
processes, 
thoracolumbar fascia, 
posterior iliac crest, 
ribs 9-12, inferior 
angle of scapula 


Medial floor of 
bicipital groove 


Extension of the shoulder, 
adduction, medial rotation, and 
hyperextension 
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Table 7.5 Shoulder Girdle Muscles (Anterior and Posterior) 


POSTERIOR SHOULDER GIRDLE MUSCLES 


MUSCLE 


Upper trapezius 


ORIGIN 


Occipital bone, 
C1-C7 
spinous 
processes 


INSERTION 


Lateral clavicle, 
acromion process 


ACTION 


Elevation of the scapula 
and upward rotation 


Middle trapezius 


C7-T3 spinous 
processes 


Scapular spine 


Retraction of the scapula 


Lower trapezius 


T4-T12 
spinous 
processes 


Medial scapular 
spine 


Depression of the scapula 
and upward rotation 


Rhomboid major 


T1-T4 spinous 
processes 


Medial border of 
scapula above 
scapular spine 


Retraction of scapula, 
elevation, and downward 
rotation 


Rhomboid minor 


C6-C7 
spinous 
processes 


Medial border of 
scapula below 
scapular spine 


Retraction of scapula, 
elevation, and downward 
rotation 


Levator scapulae 


C1-C4 
transverse 
processes 


Superior angle of 
scapula 


Elevation of the scapula 
and downward rotation 


ANTERIOR SHOULDER GIRDLE MUSCLES 


MUSCLE 


Sternocleidomastoid 


ORIGIN 


Manubrium, 
medial clavicle 


INSERTION 


Lateral clavicle, 
acromion 


ACTION 


Bilaterally flexes the neck 
and hyperextends the head. 
Unilaterally bends the neck 
laterally and rotates face to 
opposite side 


Subclavius 


Superior 
surface of first 
rib 


Inferior/lateral 
surface of clavicle 


Depression of clavicle and 
elevation of first rib 


Pectoralis minor 


Anterior 
surface of ribs 
3-5 


Coracoid process 
of scapula 


Depression of the scapula, 
protraction, downward 
rotation, and tilt 


Serratus anterior 
(superior portion) 


Lateral surface 
of ribs 5-9 


Medial border 
scapula, inferior 
angle 


Protraction of scapula and 
upward rotation 


Serratus anterior 
(inferior portion) 


Lateral surface 
of ribs 5-9 


Medial border of 
scapula, inferior 
angle 


Protraction of scapula and 
upward rotation 


ISSA | Strength & Conditioning | 154 


Scapulothoracic Actions and Muscles 

The ST region is not a true anatomical joint because it lacks a ligamentous connection 
between the scapula and rib cage. This physiological joint, however, is often referred to as a 
joint because it is an essential component of shoulder motion. The ST region can produce 
six primary movements: upward and downward rotation, retraction and protraction (adduction 


and abduction), and elevation and depression. 


Figure 7.17 Scapulothoracic Upward and Downward Rotation 


A) Upward rotation B) Downward rotation 


sh 


Muscles of ST upward rotation: upper and lower trapezius and serratus anterior (inferior portion). 


The lines depict the 
medial border of the 
scapula. 


Muscles of ST downward rotation: rhomboid major and minor, levator scapulae, pectoralis minor, 


latissimus dorsi, pectoralis major (sternal portion), and serratus anterior (Superior portion). 


Figure 7.18 Scapulothoracic Retraction and Protraction 


A) Retraction B) Protraction 


É É 


Muscles of ST retraction: upper and lower trapezius, rhomboid major and minor, latissimus 


The medial border 
of the scapula is 
depicted by the black 
line. 


dorsi, and serratus anterior (superior portion). 
Muscles of ST protraction: pectoralis minor, pectoralis major (sternal portion), and serratus 


anterior (superior and inferior portions). 
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Figure 7.19 Scapulothoracic Elevation and Depression 


A) Elevation B) Depression 


Muscles of ST elevation: upper trapezius, rhomboid major and minor, levator scapulae, 


and serratus anterior (Superior portion). 


Muscles of ST depression: lower trapezius, pectoralis minor, latissimus dorsi, and serratus 


anterior (inferior portion). 


Table 7.6 Rotator Cuff Muscles 


MUSCLE 


MUSCLES OF THE ROTATOR CUFF 


ORIGIN 


INSERTION 


ACTION 


Supraspinatus 


Supraspinous 
fossa 


Greater tuberosity of 
humerus 


Abduction of the 
shoulder 


Infraspinatus 


Infraspinous 
fossa 


Greater tuberosity of 
humerus 


Lateral rotation of the 
shoulder, horizontal 
abduction 


Teres minor 


Lateral border 
of scapula 


Greater tuberosity of 
humerus 


Lateral rotation of the 
shoulder, horizontal 
abduction 


Subscapularis 


Subscapular 
fossa of 
scapula 


Lesser tuberosity of 
humerus 


Medial rotation of the 
shoulder 
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THORACIC AND LUMBAR SPINE ACTIONS AND MUSCLES 


The thoracic spine consists of 12 vertebrae (T1-T12) running from the base of the neck to 
approximately two-thirds of the way down the spine. The lumbar spine is made up of five 
vertebrae (L1-L5) in the lower back region. Flexion and extension of the thoracic spine and 
lumbar spine are described together in this section since they typically move in sync, 
and many of the same muscles move both spinal regions. However, they have the ability to 
move independently. For example, if the thoracic spine is stiff and cannot extend to normal 
ranges, the lumbar spine will extend instead as compensation (though this compensation can 


lead to chronic or acute injury to the lumbar spine). 


Figure 7.20 Thoracic and Lumbar Flexion and Extension 


A) Flexion B) Extension 


Muscles of thoracic and lumbar flexion: rectus abdominis, internal and external obliques, 
serratus posterior inferior (pulls rib cage downward), and transversus abdominis (pulls 


abdomen inward). 


Muscles of thoracic and lumbar extension: splenius, iliocostalis, longissimus, spinalis 


thoracis, semispinalis, multifidus, rotatores, interspinalis, and quadratus lumborum. 
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Figure 7.21 Thoracic Rotation and Lateral Flexion 


—~ 


2 


A) Rotation B) Lateral flexion 


Muscles of thoracic rotation: internal oblique, external oblique, splenius, iliocostalis, 
longissimus, and spinalis. The external oblique, semispinalis, multifidus, and rotatores 
perform rotation from the contralateral or opposite side of the movement direction (the right 


external oblique rotates the thoracic spine to the left). 


Muscles of thoracic lateral flexion: external and internal obliques, splenius, iliocostalis, 
longissimus, spinalis thoracis, semispinalis, multifidus, rotatores, intertransversarii, and 


quadratus lumborum. 


Table 7.7 Abdominals/Low Back/Spinal Erectors 


ABDOMINAL/TRUNK MUSCLES 


MUSCLE ORIGIN INSERTION ACTION 
Rectus abdominis Pubis Ribs 5-7, xiphoid Flexion of the trunk, , 
process abdominal compression 
Bilateral flexion of the trunk 
Posterolateral lliac crest, linea and abdominal compression. 


Exe al oaie ribs 5-12 alba Unilateral bending (laterally) 


and rotation to opposite side 


Bilateral flexion of the trunk 


lliac crest, z ; ‘ : i 
. Linea alba, inferior and abdominal compression. 
Internal oblique thoracolumbar h : A 
s ribs Unilateral bending (laterally) 
fascia y f 
and rotation to same side 
Ribs 7-12 ; 
Transversus é 7 Compression of the 
ans thoracolumbar Linea alba 
abdominis abdomen 


fascia, iliac crest 
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MUSCLE 


ORIGIN 


INSERTION 


LOW BACK AND SPINAL ERECTOR MUSCLES 


ACTION 


Upper lumbar 


adrat ; : 
Nuadratus lliac crest transverse Lateral bending of the trunk 
lumborum i 
processes, rib 12 
e 
3 cervical Lateral ending of the neck 
Intertransversarii processes of 
transverse 7 and trunk 
adjacent superior 
processes 
vertebrae 
Lumbar to 
3 Lumbar to : cervical spinous Extension of the neck and 
Interspinales cervical spinous processes of trunk 
processes adjacent superior 
vertebrae 
Lumbar to Bilateral extension of neck 
: Lumbar to P : 
Rotatores cervical cervicalispinous and trunk. Unilateral rotation 
transverse p of the neck and trunk to 
processes ; : 
processes opposite side 
Sacrum, ower Spinous Bilateral extension of neck 
lumbar to : : 
Multifidus iowerceriical processes of and trunk. Unilateral rotation 
vertebrae 2-5 of the neck and trunk to 
transverse y a : ; 
superior to origin opposite side 
processes 
Lower thoracic Upper thoracic Bilateral extension of neck 
EEE to lower cervical spinous and trunk. Unilateral rotation 
p transverse processes to of the neck and trunk to 
processes occipital bone opposite side 


Upper lumbar 


Upper thoracic 


Bilateral extension of the 


Spinalis (erector and lower : neck and trunk. Unilateral 
: . F spinous 
spinae) thoracic spinous neck and trunk bend 
processes 
processes (laterally) 
Lumbar to Thoracic spinous Bilateral extension of the 
Longissimus lower cervical processes and neck and trunk. Unilateral 
(erector spinae) transverse lower nine ribs to neck and trunk bend 
processes mastoid process (laterally) 

Lower ribs to Bilateral extension of the 
lliocostalis lliac crest to lower cervical neck and trunk. Unilateral 
(erector spinae) upper ribs transverse neck and trunk bend 

processes (laterally) 
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HIP ACTIONS AND MUSCLES 


The hip is a ball-and-socket joint, much like the glenohumeral joint of the shoulder. 
The convex head of the femur sits against the concave surface of the acetabulum of the 
pelvis, creating a joint capable of a large range of motion. It can perform flexion and extension, 


abduction and adduction, and internal and external rotation in all three planes of movement. 


Figure 7.22 Hip Flexion and Extension 


Extension continues as 
far as the leg can travel 
~, behind the body. 
2 i 7 


A) Flexion B) Extension 


Muscles of hip flexion: psoas, iliacus, sartorius, tensor fascia latae, pectineus, gracilis, 
rectus femoris, gluteus medius and minimus (anterior portion), adductor magnus (anterior 


portion), and adductor longus/brevis (up to 70 degrees of hip flexion). 


Muscles of hip extension: gluteus maximus (upper and lower portions), piriformis, 
semitendinosus, semimembranosus, biceps femoris (long head), adductor magnus (posterior 


portion), obturator internus, and gemellus superior and inferior. 


Figure 7.23 Hip Abduction and Adduction 


A) Abduction B) Adduction 
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Muscles of hip abduction: gluteus maximus (upper portion), gluteus medius and minimus, 
sartorius, tensor fascia latae, and piriformis. The gemellus superior and inferior and obturator 


internus work at greater than 30 degrees of hip abduction. 


Muscles of hip adduction: gluteus maximus (lower portion); adductor magnus, longus, and 
brevis; gracilis; pectineus; quadratus femoris; and obturator externus. The gemellus superior 


and inferior and obturator internus work at less than 30 degrees of hip abduction. 


Figure 7.24 Hip Internal and External Rotation 


A) Internal rotation B) External rotation 


Muscles of hip internal rotation: tensor fascia latae, pectineus, adductor longus and brevis, 


adductor magnus (anterior portion), and gluteus medius and minimus (anterior portions). 


Muscles of hip external rotation: gluteus maximus, gluteus medius and minimus (posterior 
portions), gemellus superior and inferior, obturator internus and externus, psoas, iliacus, 


sartorius, piriformis, and adductor magnus (posterior portion). 
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Table 7.8 Hip Muscles 


MUSCLE 


HIP MUSCLES 


ORIGIN 


INSERTION 


ACTION 


Psoas major 
(iliopsoas) 


Lateral surface of 
T12-L4 vertebral 
bodies 


Lesser trochanter 


Flexion of the hip 


lliacus (iliopsoas) 


lliac fossa 


Lesser trochanter 


Flexion of the hip 


Sartorius 


Anterior superior iliac 
spine 


Proximal medial 
tibia 


Hip flexion, 
abduction, lateral 
rotation, and flexion 
of the knee 


Gluteus maximus 
(upper portion) 


Sacrum, posterior 
iliac crest, 
thoracolumbar fascia 


lliotibial tract 


Extension of the hip, 
hyperextension, and 
lateral rotation 


Gluteus maximus 
(lower portion) 


Sacrum, 
thoracolumbar 
fascia, sacrotuberous 
ligament 


Gluteal tuberosity 


hyperextension, and 
lateral rotation 


Gluteus medius Supetiene uical ae! Abduction of the hip 
surface of ilium trochanter 
D Inferior gluteal Greater Abduction of the hip, 
Gluteus minimus Ha a ; 
surface of ilium trochanter medial rotation 
4 Anterior superior iliac Lateral tibial Flexion of the hip and 
Tensor fascia latae A ; 
spine condyle abduction 
Piriformis (deep Anterior surface of Greater Lateral rotation of 
rotators) sacrum trochanter the hip 


Extension of the hip, 


Gemellus superior 
(deep rotators) 


Obturator internus 
(deep rotators) 


Ischial spine 


Inner surface of 
obturator membrane 


Medial greater 
trochanter 


Medial greater 
trochanter 


Lateral rotation of 
the hip 


Lateral rotation of 
the hip 


Gemellus inferior 
(deep rotators) 


Ischial tuberosity 


Medial greater 
trochanter 


Lateral rotation of 
the hip 


Obturator externus 


Outer surface of 


Trochanteric 


Lateral rotation of 


(deep rotators) obturator membrane fossa the hip 

Quadratus femoris a d Intertrochanteric Lateral rotation of 
Ischial tuberosity 3 

(deep rotators) crest the hip 
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MUSCLE 


HIP MUSCLES (CONTINUED) 


ORIGIN 


INSERTION 


ACTION 


Pectineus 


Superior pubic ramus 


Proximal linea 
aspera 


Flexion of the hip and 
adduction 


Adductor longus 


Superior pubic ramus 


Medial lip of linea 
aspera 


Adduction of the hip 


Adductor brevis 


Inferior pubic ramus 


Medial lip of linea 
aspera 


Adduction of the hip 


Adductor magnus 
(anterior portion) 


Inferior pubic ramus 
and ischial ramus 


Adductor tubercle 
of femur 


Adduction of the hip 


Adductor magnus 
(posterior portion) 


Ischial ramus and 
ischial tuberosity 


Medial lip of linea 
aspera 


Adduction of the hip 


Gracilis 


Inferior pubic ramus 


Anterior medial 
tibial head 


Adduction of the hip 


Rectus femoris 


Anterior inferior iliac 
spine and acetabular 
roof 


Tibial tuberosity 


Flexion of the hip and 
knee extension 


Biceps femoris (long 
head) 


Ischial tuberosity 


Head of fibula 


Extension of the hip 
and knee flexion 


Semimembranosus 


Ischial tuberosity 


Medial tibial 
condyle 


Extension of the hip 
and knee flexion 


Semitendinosus 


Ischial tuberosity 


Pes anserinus 


Extension of the hip 
and knee flexion 


KNEE ACTIONS AND MUSCLES 


The knee is primarily a hinge joint, moving in and out of flexion and extension without lateral 
movement, but it does allow for varying degrees of internal and external rotation occurring 
during flexion. It is also the largest joint in the human body. There are two areas of articulation 
in the knee: one between the femur and tibia and the other between the femur and patella 


(kneecap). 


ISSA | Strength & Conditioning | 163 


CHAPTER 07 | BIOMECHANICS 


Figure 7.25 Knee Flexion and Extension 


A) Flexion B) Extension 


Muscles of knee flexion: semitendinosus, semimembranosus, biceps femoris (long and 


short heads), popliteus, gracilis, plantaris, and gastrocnemius. 


Muscles of knee extension: rectus femoris and vastus lateralis, medialis, and intermedius. 


Figure 7.26 Tibial Internal and External Rotation 


A) Internal rotation B) External rotation 


Muscles of tibial internal rotation: sartorius, gracilis, semimembranosus, semitendinosus, 


and popliteus. 


Muscles of tibial external rotation: biceps femoris (long and short heads). 
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Table 7.9 Thigh Muscles—Anterior and Posterior Regions 


POSTERIOR UPPER LEG (THIGH) MUSCLES 


MUSCLE 


ORIGIN 


INSERTION 


ACTION 


Biceps femoris (long 
head) 


Ischial tuberosity 


Head of fibula 


Extension of hip, 
knee flexion 


Biceps femoris 
(short head) 


Lateral lip of linea 
aspera 


Head of fibula 


Flexion of the knee 


Semimembranosus 


Ischial tuberosity 


Medial tibial condyle 


Extension of hip, 
knee flexion 


Semitendinosus 


Ischial tuberosity, 
sacrotuberous 
ligament 


Medial of the tibial 
tuberosity 


Extension of hip, 
knee flexion 


Popliteus 


MUSCLE 


Lateral femoral 
condyle 


ANTERIOR UPPER LEG (THIGH) MUSCLES 


ORIGIN 


Posterior tibial surface 


INSERTION 


Flexion of the knee 
(initiates) 


ACTION 


Rectus femoris 


Anterior inferior iliac 
spine, acetabular roof 


Tibial tuberosity via 
patellar tendon* 


Flexion of hip, knee 
extension 


Vastus medialis 


Medial lip of linea 
aspera 


Tibial tuberosity via 
patellar tendon* 


Extension of the 
knee 


Vastus lateralis 


Lateral lip of linea 
aspera 


Tibial tuberosity via 
patellar tendon* 


Extension of the 
knee 


Vastus intermedialis 


Anterior femur 


Tibial tuberosity via 
patellar tendon* 


Extension of the 
knee 


Gracilis 


Inferior pubic ramus 


Anterior medial tibial 
head 


Adduction of the hip 


*The patellar tendon is sometimes referred to as a patellar ligament since it connects the patella to the 


tibia (i.e., bone-to-bone attachment). 


ELBOW ACTIONS AND MUSCLES 


The elbow consists of articulations between the humerus, radius, and ulna. This collection 


of bones creates three joints: humeroulnar, humeroradial, and proximal radioulnar. 


The humeroulnar and humeroradial joints produce flexion and extension, and the proximal 
radioulnar joint allows the forearm to supinate and pronate. The brachioradialis, one muscle 
within this region, is unique since it can assist in three different movements: elbow flexion, 


forearm supination, and forearm pronation. 
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Figure 7.27 Elbow Flexion and Extension 


A) Flexion B) Extension 


Muscles of elbow flexion: biceps brachii (long and short heads), brachialis, and brachioradialis. 


Muscles of elbow extension: triceps brachii long, medial, and short heads and anconeus. 


Figure 7.28 Forearm Supination and Pronation 


These movements occur at the 
proximal radioulnar joint. 


| 


A) Supination B) Pronation 


Muscles of forearm supination: supinator, biceps brachii (long and short heads), and 


brachioradialis. 


Muscles of forearm pronation: pronator teres, pronator quadratus, and brachioradialis. 
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WRIST ACTIONS AND MUSCLES 
The wrist is a complex structure defined as the area where the radius meets the eight 
carpal bones. For simplicity, it is best to focus on the four primary wrist movements: flexion, 


extension, radial deviation, and ulnar deviation. 


Figure 7.29 Wrist Flexion and Extension 


A) Flexion B) Extension 
Muscles of wrist flexion: flexor digitorum superficialis, flexor carpi radialis, flexor carpi ulnaris, 


palmaris longus, and flexor digitorum profundus. 


Muscles of wrist extension: extensor carpi radialis (longus and brevis), extensor digitorum, 


extensor carpi ulnaris, and extensor indicis. 


Figure 7.30 Radial and Ulnar Deviation 


A) Radial deviation B) Ulnar deviation 


Muscles of radial deviation: extensor carpi radialis (longus and brevis) and flexor carpi radialis. 


Muscles of ulnar deviation: extensor carpi ulnaris and flexor carpi ulnaris. 
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Table 7.10 Brachium (Upper Arm) Muscles 
POSTERIOR BRACHIUM (UPPER ARM) MUSCLES 


MUSCLE 


ORIGIN 


INSERTION 


ACTION 


Triceps brachii (long 
head) 


Infraglenoid tubercle 
of the scapula 


Olecranon process 


Extension of the 
elbow 


Triceps brachii 
(medial head) 


Distal posterior 
surface of humerus 


Olecranon process 


Extension of the 
elbow 


Triceps brachii 
(lateral head) 


Proximal posterior 
surface of humerus 


Olecranon process 


Extension of the 
elbow 


Anconeus 


Lateral epicondyle of 
humerus 


Olecranon process 


Extension of the 
elbow (assists) 


ANTERIOR BRACHIUM (UPPER ARM) MUSCLES 


MUSCLE 


ORIGIN 


INSERTION 


ACTION 


Coracobrachialis 


Coracoid process of 
the scapula 


Medial humerus 


Shoulder stability 


Biceps brachii (long 
head) 


Supraglenoid tubercle 
of the scapula 


Radial tuberosity 


Flexion of the 
elbow and forearm 
supination 


Biceps brachii 
(short head) 


Coracoid process of 
the scapula 


Radial tuberosity 


Flexion of the 
elbow and forearm 
supination 


Brachialis 


Distal anterior 
humerus 


Ulnar tuberosity 


Flexion of the elbow 
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Table 7.11 Antebrachium (Forearm) Muscles 
POSTERIOR ANTEBRACHIUM (FOREARM) MUSCLES 


MUSCLE 


Brachioradialis 


ORIGIN 


Lateral supracondylar 
ridge of humerus 


INSERTION 


Styloid process of 
radius 


ACTION 


Flexion of the elbow 


Extensor carpi 
radialis longus 


Lateral supracondylar 
ridge of humerus 


Base of second 
metacarpal 


Extension of the wrist 
and radial deviation 


Extensor carpi 
radialis brevis 


Lateral epicondyle of 
humerus 


Base of third 
metacarpal 


Extension of the wrist 


Supinator 


Lateral epicondyle of 
humerus, supinator 
crest of ulna 


Anterior proximal 
radius 


Supination of the 
forearm 


Extensor digitorum 


Lateral epicondyle of 
humerus 


Middle/distal 
phalanges 2-5 


Extension of the 
three finger joints 


Extensor digiti 


Lateral epicondyle of 


Fifth middle/distal 


Extension of all three 


minimi humerus phalange joints of the fifth finger 
Extensor carpi Lateral epicondyle of Base of fifth Extension of the wrist 
ulnaris humerus, posterior ulna metacarpal and ulnar deviation 


ANTERIOR ANTEBRACHIUM (FOREARM) MUSCLES 


MUSCLE 


Pronator teres 


ORIGIN 


Medial epicondyle of 
humerus, coronoid 
process of ulna 


INSERTION 


Lateral surface of 
radius 


ACTION 


Pronation of the 
forearm and elbow 
flexion (assists) 


Flexor digitorum 
superficialis 


Medial epicondyle of 
humerus, coronoid 
process of ulna, and 
radius 


Side of middle 
phalanges 
2-5 


Flexion of the upper 
two joints in the 
fingers 


Flexor carpi radialis 


Medial epicondyle of 
humerus 


Base of second and 
third metacarpals 


Flexion of the wrist 
and radial deviation 


Flexor carpi ulnaris 


Medial epicondyle of 
humerus, olecranon 


Pisiform, hook of 
hamate 


Flexion of the wrist 
and ulnar deviation 


Palmaris longus 


Medial epicondyle of 
humerus 


Palmar aponeurosis 


Flexion of the wrist 
(assists) 


Flexor digitorum 
profundus 


Proximal anterior ulna, 
interosseous membrane 


Distal phalanges 2-5 


Flexion of all three 
joints of the fingers 


Flexor pollicis 
longus 


Pronator quadratus 


Anterior radius, 
interosseous 
membrane 


Distal anterior 
surface of ulna 


Distal first phalanx 


Distal anterior 
surface of radius 


Flexion of all three 
joints in the thumb 


Pronation of the 
forearm 


ISSA | Strength & Conditioning | 169 


CHAPTER 07 | BIOMECHANICS 


Table 7.12 Hand Muscles 


MUSCLE 


Abductor pollicis 
brevis 


HAND MUSCLES 


ORIGIN 


Flexor retinaculum, 
scaphoid, 
trapezium 


INSERTION 


Base of first 
proximal phalanx 


ACTION 


Abduction of the thumb 


Adductor pollicis: 
transverse head 


Third metacarpal 


Base of first 
proximal phalanx 


Adduction of the thumb 


Adductor pollicis: 
oblique head 


Base of second 
metacarpal, 
capitate 


Base of first 
proximal phalanx 


Adduction of the thumb 


Flexor pollicis brevis 


Flexor retinaculum, 
capitate, 
trapezium 


Base of first 
proximal phalanx 


Flexion of the first two 
joints in the thumb 


Opponens pollicis 


Abductor digiti 
minimi 


Trapezium, flexor 
retinaculum 


Pisiform 


First metacarpal 


Base of fifth 
proximal phalanx 


Opposes the thumb 


Abduction of the first 
joint of the fifth finger 


Flexor digiti minimi 


Hook of hamate, 
flexor retinaculum 


Base of fifth 
proximal phalanx 


Flexion of the first two 
joints of the fifth finger 


Opponens digiti 
minimi 


Hook of hamate 


Fifth metacarpal 


Extension of all three 
joints in the fifth finger 


Palmaris brevis* 


Palmar 
aponeurosis 


Skin of hypothenar 
eminence 


Steadies the skin of the 
palm (for grip) 


*Not everyone has a palmaris brevis. 


ANKLE AND FOOT ACTIONS AND MUSCLES 


The ankle joint is formed by three bones: the tibia and fibula of the lower leg and the talus of the 


foot. This hinge joint moves only in the sagittal plane to produce dorsiflexion and plantar flexion. 


The area between the inferior portion of the talus and the superior portion of the calcaneus 


SUBTALAR JOINT: 


Ai (heel bone) forms the subtalar joint. This joint allows for inversion/eversion and abduction 
The joint of the talus and 


calcaneus bones. and adduction of the foot. 


Prontation and supination are triplanar motions of the ankle and foot joints. Pronation 


TRIPLANAR MOTIONS: 


Occuring in all three is a movement placing the weight on the medial side of the foot and is a combination 


anatomical planes of 
movement. 


of dorsiflexion, abduction, and eversion. Supination is a combination of plantar flexion, 


adduction, and inversion. 
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Figure 7.31 Plantar Flexion and Dorsiflexion 


a he 


A) Plantar flexion B) Dorsiflexion 
Muscles of plantar flexion: gastrocnemius, soleus, plantaris, tibialis posterior, flexor digitorum 


longus, flexor hallucis longus, and peroneus longus and brevis (fibularis longus and brevis). 


Muscles of dorsiflexion: tibialis anterior, extensor digitorum longus, extensor hallucis longus, 


and peroneus tertius (fibularis tertius). 


As mentioned, the subtalar joint (talocalcaneal joint) is the area between the inferior portion 
of the talus and the superior portion of the calcaneus. The primary movements at this joint 
are inversion and eversion, although adduction and abduction occur with these motions. 


Inversion is paired with adduction, and eversion is paired with abduction. 


Figure 7.32 Inversion, Eversion, Adduction, and Abduction of the Subtalar 


Joint 


A) Inversion B) Eversion 


C) Adduction D) Abduction 
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A) Pronation is a triplanar motion 
occurring from dorsiflexion, 
eversion, and abduction. B) 
Supination is the combined motion 
of plantar flexion, inversion, and 
adduction. 


Muscles of subtalar inversion and adduction: gastrocnemius, soleus, plantaris, tibialis 
posterior, flexor digitorum longus, flexor hallucis longus, and peroneus longus and brevis 


(i.e., fibularis longus and brevis). 


Muscles of subtalar eversion and abduction: tibialis anterior, extensor digitorum longus, 


extensor hallucis longus, and peroneus tertius (fibularis tertius). 


The terms inversion and pronation, or eversion and supination, are commonly used 
interchangeably. However, this is inaccurate since pronation and supination are a combination 
of three movements in the three anatomical planes occurring simultaneously at the ankle 


and foot joints. 


Figure 7.33 Pronation and Supination of the Ankle and Foot Region 


A) Pronation B) Supination 


Muscles of pronation: gastrocnemius, soleus, plantaris, tibialis posterior, flexor digitorum 


longus, flexor hallucis longus, and peroneus longus and brevis (fibularis longus and brevis). 


Muscles of supination: tibialis anterior, extensor digitorum longus, extensor hallucis longus, 


and peroneus tertius (fibularis tertius). 


Any of the movements just covered can be used as stand-alone exercises to strengthen the 
corresponding muscles. The application is as simple as providing a direction of resistance 


with a cable, band, or weight in the opposite direction of rotation for each joint. 
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MUSCLE 


Extensor 
digitorum brevis 


Table 7.13 Foot Muscles 


ORIGIN 


Calcaneus, dorsal 
surface 


FOOT MUSCLES 


INSERTION 


Base of middle phalanges 
2-4 


ACTION 


Extension of the toes (all 
except the small toe) 


Extensor 
hallucis brevis 


Calcaneus, dorsal 
surface 


Base of first proximal 
phalanx 


Extension of the big toe 


Abductor 
hallucis 


Medial calcaneal 
tuberosity 


Base of first proximal 
phalanx 


Abduction of the big toe 


Flexor hallucis 
brevis 
(medial head) 


Medial cuneiform 


Base of first proximal 
phalanx 


Flexion of the big toe 


Flexor hallucis 
brevis 
(lateral head) 


Intermediate cuneiform 


Base of first proximal 
phalanx 


Flexion of the big toe 


Adductor Base of metatarsals Base of first proximal 
hallucis 2-4, cuboid, lateral p Adduction of the big toe 
= : phalanx 
(oblique head) cuneiform 
Adductor 
hallucis Transverse metatarsal Base of first proximal 
ligament, metatarsal p Adduction of the big toe 
(transverse halanges 3-5 phalanx 
head) pnatang 
Abductor digiti Lateral calcaneal Base of fifth proximal Anauciontorihetemalltec 
minimi tuberosity phalanx 
Flexor digiti Base of fifth metatarsal Base of Ener nal Flexion of the small toe 
minimi phalanx 


Flexor digitorum 
brevis 


Quadratus 
plantae 


Calcaneal tuberosity 


Calcaneal tuberosity 


Middle phalanges 2-5 


Lateral border of flexor 
digitorum longus tendon 


Flexion of the second, third, 
fourth, and fifth toes 


Flexion of the second, third, 
fourth, and fifth toes 


Lumbricals 1-4 


Medial border of flexor 
digitorum longus 
tendons 


Dorsal aponeuroses 2-5 


Flexion of 
metacarpophalangeal joints, 
extension of interphalangeal 
joints 


Plantar 
interossei 1-3 


Medial border of 
metatarsals 3-5 


Medial base of proximal 
phalanges 3-5 


Flexion of third, fourth, and fifth 
metatarsophalangeal joints, 
extension of second and fourth 
toes 


Dorsal 
interossei 1-4 


Two heads from 
opposing sides of 
metatarsals 1-5 


Medial base of second 
proximal phalange, lateral base 
of proximal phalanges 2-4 


Abduction of the toes 
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LEARNING OBJECTIVES 


1 | Understand the importance of assessments in 


fitness. 
2 | Apply general health and fitness assessments. 


3 | Differentiate between static and dynamic postural 


assessments. 


CHAPTER 08 | GENERAL ASSESSMENTS 


The term assessment simply means appraisal, evaluation, or measurement and is often applied 


ASSESSMENT: 


A series of evaluations a 


to evaluations done by licensed professionals including athletic trainers, physical therapists, and 


trainer completes to evaluate orthopedic specialists. It is also a widely used and accepted term in health and fitness. For the 
health and identify movement 
dysfunction. purposes of this course, all references to assessments and evaluations refer to the overarching 


questionnaires and steps that are part of the client intake and evaluation process. Applicable 
assessments will vary from client to client, but they are crucial to programming for a personal 


trainer, whether at the start of a regimen or throughout as checkpoints. 


It is important for strength and conditioning coaches to administer assessments prior to 
designing a program to form a comprehensive understanding for a client’s current condition. 
The information a coach gains from these assessments serves to establish baselines for 
and improvements in functional movement, balance, and muscular and cardiorespiratory 
strength—but not for the purposes of rehabilitation. If a coach or personal trainer has any 
concerns about the results of any of the following assessments, they should encourage 
their client to contact a rehabilitation specialist (physical therapist, orthopedic specialist, 
or athletic trainer) to address and review the areas of concern. Staying within the scope 
of practice is a very important aspect of working with fitness clients. Coaches should be 
fully trained and professionally accredited, licensed, or certified to administer therapeutic 


modalities. 


IMPORTANCE OF ASSESSMENTS 


When a coach and trainee begin working together, they must have the information needed to 
develop a program starting point. Baseline information is essential, whether the end goal is 
a sporting achievement or general fitness. A variety of assessments may be administered to 
help gather the appropriate information and better understand the client’s current abilities, 
physical and mental readiness, and pertinent medical history. The culmination of the 
information from the appropriate assessments is the valuable information needed to develop 


an individualized and successful program. 

Appropriate assessments will allow a coach to do the following: 
+ Determine physical capabilities prior to training 
+ Determine physical limitations prior to training 


+ Establish baselines for comparison on future assessments to show progression 


or regression 
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+ Set realistic performance standards and goals to personalize training 
+ Effectively predict future performance potential 
+ Provide an indication of a client’s physical readiness following an injury or illness 
+ Create or increase motivation for the client 
Assessments should evaluate the following three areas: 


1.Health: the client’s current state of well-being. This includes physical health and, 
to a degree, emotional health in the form of readiness as they enter into or 


continue a training program. 


2.Fitness: the client’s current physical capabilities of cardiorespiratory and work 


capacity. 


3.Performance: the client’s sport-specific techniques and physical capabilities like 
agility and maximal strength, aiming to improve them to increase skills or overall 


performance. 


General assessments include a combination of testing from both health and fitness 


assessment areas. 


Movement quality has become the focus of many of these fitness assessments, particularly in 
the basic, fundamental movements humans perform on a daily basis. This approach is based 
on physical therapy assessments to establish injury risk and identify potential movement 
dysfunctions that may lead to injury in the future. Poor technique, overuse, lack of functional 


strength, and poor movement patterns are the most common injury causes for most clients. 


HEALTH ASSESSMENTS PRE-EXERCISE 


When starting with a new client, a coach should begin with general health assessments. The SCREENING: 
pre-exercise screening should be completed prior to starting a training program. Pre-exercise [MMCsWelit CMSs TR vole nd 


health or medical issues prior 
screenings include a client’s fitness history, general medical history, resting heart rate, blood to engaging in fitness. 


pressure, weight, and current body composition. 


HEALTH HISTORY QUESTIONNAIRE BODY COMPOSITION: 


Relative percentages of 


A client’s fitness history is important to the strength and conditioning coach as it will give muscle, fat, water, and bones 
making up the body. 


them insight into potential health concerns, conditions, or medications possibly affecting 


training and past medical history. This information is important to a coach to ensure the 
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DID YOU KNOW 


That before taking clients 
through an assessment, 
coaches should get a recent 
(within the last few months) 
medical clearance note 

from the client’s physician? 
Moreover, if the athlete 

has recently felt pain ina 
muscle or joint, they should 
get written clearance from 

a physical therapist before 
moving forward. This ensures 
there are no underlying 
medical issues preventing 
the athlete from getting the 
most out of their strength and 
conditioning program. It also 
ensures a licensed medical 
professional has cleared them 
for activity. 


client is able to start a training program. The questionnaire is typically a couple of pages and 


includes questions like: 


+ Have you experienced any of the following conditions? (This typically precedes a 
long list of many different conditions to select from, such as chest pain, diabetes, 


high blood pressure, irregular heartbeat, etc.) 
+ What medications are you currently taking? 


+ What is your current level of physical activity? 


PHYSICAL ACTIVITY READINESS QUESTIONNAIRE (PAR-Q) 


The physical activity readiness questionnaire is an extension of a client’s medical history and 
is completed by the client prior to beginning a program. It allows the trainer to understand a 
client’s potential risk for injury and gives an in-depth look at health history within the scope 


of practice. 
The PAR-Q includes 7-10 yes-or-no questions, including the following: 


+ Has a doctor ever told you that you should only perform physical activity 


recommended by a doctor? 
- Do you know of any reason why you should not participate in physical activity? 


At the end of the questionnaire, guidelines are provided based on how many questions the 
participant answered yes to. Generally, if there was one or more affirmative answers, the 
recommendation is to obtain a doctor’s approval and written clearance before beginning an 


exercise program. 


RESTING HEART RATE 


Resting heart rate can be an indication of a client’s overall fitness level. When tested regularly, 
it can give the coach information about a client’s recovery from daily activity and physical 


exercise and can indicate whether they need more sleep. 


To measure resting heart rate, a client can use either a heart rate monitor like a chest strap 
or armband, or they can test manually. Resting heart rate is best determined when the client 
first wakes in the morning and before they sit up. Blood pressure changes immediately when 


one moves from a lying position to a seated or standing position. 
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DID YOU KNOW 


That using the resting heart rate to determine recovery and readiness for activity is known 
as heart rate variability training (HRV)? This metric measures the distinct time between 


heartbeats known as interbeat intervals. 


HRV is an inconsistent number—the time between heartbeats varies—and it reflects the 
heart’s ability to react to changing environments and the balance of blood pressure, gas 
exchange, and blood vessel diameter. HRV is easily affected by stress—both physical 


and emotional. 


It is important to understand a high HRV, or interbeat interval, does not always indicate 
better health, fitness, and resiliency. A high HRV can be an indication of a number of 
physiological conditions such as elevated immune response due to a current illness, 
increased stress response, and even cardiac abnormalities. For an adult between ages 
20 and 25, the average healthy HRV is between 55 and 105 milliseconds while an aging 


adult over 65 typically ranges between 25 and 45 milliseconds. 


Individuals, their trainers, and their physicians can use HRV data to monitor and minimize 


daily stress levels, monitor sleep, and, as with resting heart rate, understand a client’s 


overall fitness level. Individuals can purchase and wear devices daily along with physician- 


monitored devices that collect, display, and decode HRV data quickly and easily. 


To test manually, a client can place the index and middle fingers on the side of the neck 
to find the carotid artery and count heartbeats for one full minute (or for 20 seconds and 
multiply the number of beats by three for beats per minute). An average resting heart rate, 
according to the American Heart Association, will be between 60 and 100 beats per minute, 
but a well-trained athlete’s resting heart rate may be as low as 40 beats per minute. Women’s 
heart rates tend to be about 10 beats per minute higher than men’s—a difference attributed 


to the fact that women generally have smaller hearts than men do. 


BLOOD PRESSURE 


Blood pressure is a common measure of the pressure the circulation of blood places on the 
arteries in the body. High blood pressure can be cause for concern and can have long-term 
effects such as stroke, organ damage, and death. A sphygmomanometer, or blood pressure 
cuff, and a stethoscope are needed to measure blood pressure. Ideally, a licensed health 
professional should perform this health assessment. For education purposes, the steps to 


take blood pressure are presented. 
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The client should be seated with their feet flat on the floor and one arm resting gently on the 


EU MESS (RSL) KEE arm of the chair or on a level surface. They should remain still and quiet. It is important to 


Weight of muscle mass, 
bones, organs, hair, and 
tissue one carries. 


use the appropriately sized cuff so it fits fully on the upper arm just above the elbow joint. 
The inflatable bladder inside the cuff should cover at least 80 percent of the circumference 


of the upper arm. 


MUSCLE MASS: 


Weight of the muscle tissue The deflated cuff should be wrapped around the upper arm. The lower edge should be 
one carries. 


about one inch above the antecubital fossa (the bend in the elbow). The resonator of the 
stethoscope is placed over the brachial artery (inside the elbow) below the edge of the cuff. 
The health professional should listen for the heartbeat and quickly inflate the arm cuff to 180 
mm Hg using the inflating bulb and the gauge attached to the tubing. No heartbeat should be 
heard when fully inflated. The health professional can begin to release the air from the cuff 


at a rate of about 3 mm Hg per second. 


While listening with the stethoscope as the pressure is gently released, the health professional 
can take note of the gauge when the first heartbeat is heard. This is the systolic reading of 
the blood pressure. The pressure should be released slowly. The diastolic blood pressure 


reading is indicated when the heartbeat can no longer be heard again. 


BODY COMPOSITION 


Another valuable prescreening assessment is body composition, which determines the 
amount of lean body mass (LBM) and a person’s bodyfat. With a body composition reading, 
approximate muscle mass, which differs from LBM, and fat mass can each be calculated 
and monitored. Body composition can be an indicator of disease risk and is an effective 
measurement for a coach to monitor progress during a fitness program, specifically one 


aimed at weight loss or management. 


There are several different body composition procedures a coach can use (or refer a client to) 


for accurate body composition assessments. 


DEXA Scan 

This scan is typically used to determine bone density, but it can also calculate fat-free mass 
and bodyfat percentages. It is administered by medical professionals and is considered one 
of the most accurate body composition tools available. However, they can be costly and are 


typically accessible only within universities and hospitals. 
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Figure 8.1. BOD-POD 


This assessment method uses the displacement of air 
inside a small capsule while the subject sits inside. It 
can calculate the density of bodyfat, body water, and 
muscle tissue to provide a body composition reading. 
While highly accurate, the BOD-POD is not widely 
available and is usually offered at medical weight-loss 


clinics and in hospitals. 


Figure 8.2. Hydrostatic Underwater Weighing 


This body composition assessment is 
probably the most uncommon but has been 
found to be the most accurate. The participant 
is submerged in a large tank of water while 
exhaling as much air from the lungs as 
possible for 10 to 20 seconds. The body’s 
density of fat, muscle tissue, organs, and bone 
is measured by the displacement of the water 


in the tank. 


Figure 8.3. Bioelectrical Impedance Test 


The bioelectrical impedance method is one of 
the most widely available body composition 
assessments. Handheld devices for this test 
are available, with some resembling a 
traditional bathroom scale with sensors and 
others resembling a combination of both. The 
selected device sends a harmless electrical 
current throughout the body and measures 
the resistance (based on the theory that 
electrical current travels at different speeds 
through bone, fat, and muscle). While 
relatively simple to complete, there are many 


factors affecting the accuracy of this method. 
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The electrical current may struggle to travel through the entire body for people who are larger 
or taller than average. Hydration levels and time of day can affect the readings. Errors in 
this assessment method can arise between men and women due to their bodies’ typical 
location of bodyfat stores and their distance from the device. However, for margin of error, 


bioelectrical impedance provides a body composition reading that can be monitored. 


Figure 8.4. Skinfold Calipers 


Calipers are used to measure the thickness of two layers of skin plus the subcutaneous fat at 
specific locations on the body. Example points of measurement include the abdominals, chest, 
front of the thigh, area between the scapulae, triceps, and hip. These measurements are then 
added and entered into a formula to provide the coach with a bodyfat assessment for their 
client. Calipers aren’t as accurate as the other bodyfat measurements listed above. However, 
they tend to be one of the most accessible, are easy to do, and can still be an effective baseline 


measurement when done correctly and with consistent points of measurement. 
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HOW TO MEASURE WITH SKINFOLD CALIPERS 


Ideally, coaches should take all measurements on the right side of the body, directly on the skin— 


not through clothes. All measurements should be collected with the client in a standing position. 


Abdomen 
1.With the client standing, coaches can measure five centimeters to the right of the 


belly button (umbilicus). 


2.The coach should pinch the skin vertically and place calipers just below the pinch. 


Chest (Men Only) 
1.The measurement should be taken along the borderline of the pectoralis major, 


between the anterior axillary fold and the nipple. 


2.The coach should pinch the skin at about a 45-degree angle, also known as a 


horizontal fold, using the caliper on the inside of the pinch. 


Triceps 
1.With the client standing, the coach can find the midpoint between the bony tip of 


the shoulder and the elbow joint. 


2.Ensuring the arm is relaxed with palm facing forward, the coach should vertically 
pinch the skin on the back surface of the arm where the triceps are located. The 


coach should place the calipers below the pinch of the skin. 


Thigh 
1.With the client seated, the coach can find the midpoint of the front of the thigh, 


halfway between the kneecap and the crease at the top of the hip. 


2.The coach should take a vertical pinch of the skin, placing the calipers below the 


pinch. If no skin is lifted, the client should extend their leg out straight. 


Suprailiac (Hip) 
1.With the client standing, the coach can locate where the oblique and abdominals 
meet. This will be about the halfway point between the top of the hip bone and 


the belly button. 


2.The coach should take a pinch of the skin at about a 45-degree angle, also known 


as a horizontal fold, placing the caliper at the inside of the pinch. 


ISSA | Strength & Conditioning | 183 


CHAPTER 08 | GENERAL ASSESSMENTS 


For men, the chest, abdominal, and thigh measurements are collected. For women, the 


triceps, hip, and thigh measurements are collected. 


Once all measurements are taken, the coach can calculate body composition (whether 
manually with the Jackson and Pollock equation or by inputting the data point measurements 


into a calculating tool). 


The male version of the Jackson and Pollock body density equation requires the sum of 


chest, abdominal, and thigh skinfolds and the age of the client as shown: 


Body density = 1.10938 
- (0.0008267 x sum of skinfolds) 
+ (0.0000016 x sum of skinfolds squared) 
- (0.0002574 x age) 


The female version of the Jackson and Pollock body density equation requires the sum of 


triceps, suprailiac, and thigh skinfolds and the age of the client as shown: 


DID YOU KNOW Body density = 1.0994921 


UNI portance, OF Orde hot - (0.0009929 x sum of skinfolds) 
operations when working 


wiin mieiinemeideel fomus? + (0.0000023 x sum of skinfolds squared) 
Remember PEMDAS: 


parentheses first, then = (0.0001392 x age) 

exponents, followed by 

multiplication and division, and 

then addition and subtraction. When a coach adds up the caliper measurements, they can initially gain insight into the client's 


When manually completing the D ; i 
Jackson and Pollock equation, body composition range before completing the calculation for a more exact bodyfat percentage. 


this is vital for the proper 
mathematical result! 
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Figure 8.5 Caliper Measurement Sums and Body Composition. 
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BODY CIRCUMFERENCE 


Circumference measurements, specifically waist circumference, can be taken at multiple 
points on the body and are used as medical health indicators predicting an individual’s risk 


of obesity, insulin resistance, and other adverse health outcomes. 


For a personal trainer, the circumference measurement is a tool used to measure body 


composition change, though it does not differentiate between LBM and fat mass gain or loss. 


The appropriate circumference measurements vary based on gender. Most measurements 
are taken on the right side, as with bodyfat calipers for consistency. Men are usually measured 


in the following locations: 


+ Upper arm: halfway between the tip of the elbow and the tip of the shoulder 


(both arms can be measured for symmetry) 
+ Thigh: measuring from the middle of the patella, seven inches above the knee 
+ Calf: the visibly widest part of the calf 
+ Chest: the widest part of the chest with arms down at the sides of the body 
+ Waist: at the belly button with arms down at the sides of the body 
+ Neck: just below the Adam’s apple (an optional measurement) 


The measurements for women overlap in some respects, but due to the differences in bodyfat 


distribution, there are a few different locations as follows: 


+ Upper arm: halfway between the tip of the elbow and the tip of the shoulder (both 


arms can be measured for symmetry) 
+ Thigh: measuring from the middle of the patella, seven inches above the knee 
+ Calf: the visibly widest part of the calf 
+ Bust: the fullest part of the chest with arms down at the sides of the body 
+ Waist: at the belly button with arms down at the sides of the body 
+ Hips: the visibly fullest part of the buttocks 


For consistency, the points of measurement must be as precise as possible, even when 


taken by multiple individuals, and data is typically recorded to the nearest quarter inch. 
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BODY MASS INDEX 
Body mass index (BMI) is a metric used to compare height and weight to determine an 
individual’s general body composition and status of obesity. In some cases it can be a 


predictor for adverse health conditions. 


A coach simply uses a chart created by the surgeon general to compare height and weight. 


BMI can also be calculated as follows: 
Figure 8.6 Adult Body Mass Index. 
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BASIC FITNESS 
ASSESSMENTS: 


A series of tests measuring 
movement patterns, flexibility, 
and posture. 


STATIC POSTURE: 


Maintaining the same position 
for a length of time without 
moving. 


DYNAMIC POSTURE: 


posture during a task or range 
of motion. 


According to the World Health Organization (WHO), established ranges can determine a 


person’s level of obesity based on their BMI calculation. 


Table 8.1 Body Mass Index Ranges. 
WHO CLASSIFICATION OF WEIGHT STATUS 


WEIGHT STATUS 


BODY MASS INDEX (BMI), kg/m? 


Underweight <18.5 
Normal range 18.5 - 24.9 
Overweight 25.0 - 29.9 
Obese = 30 
Obese class | 30.0 - 34.9 
Obese class II 35.0 - 39.9 
Obese class Ill = 40 


The main concern with using BMI as an accurate assessment metric is that the actual body 
composition, amount of muscle mass, hydration levels, and other important factors are not 
considered. For example, an individual who weighs 180 pounds, is five feet six inches tall, 
has 30 percent bodyfat, and has never worked out before hiring a personal trainer will be ina 
different state of health than another individual of the same sex and height who also weighs 
180 pounds but with perhaps 10 percent bodyfat. However, according to the surgeon general 


and WHO, they are both overweight for their height. 


With this in mind, the BMI is a good metric to collect but is not necessarily a tool used by a 


coach for predictive planning or programming. 


FITNESS ASSESSMENTS 


The basic fitness assessments include flexibility, posture, and mobility along with some 


general strength assessments. 


POSTURE ASSESSMENTS 


Posture is the position of an individual’s body in space, something individuals have control 
over (in most cases). Static posture occurs when a position is maintained and the individual 
is not moving. On the other hand, dynamic posture refers to an individual’s posture as they 


move, whether completing a task or within a range of motion. 
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Instead of referring to posture as either good or bad, it is better to think of posture as ideal 
or not ideal. Ideal posture is the position of the body at any moment in time offering the least 
risk for injury or joint dysfunction. Ideal posture is a condition of muscular control contributing 
to an individual’s well-being, proper movement patterns, reduced injury risk, minimal pain, and 


optimal performance. 


Conversely, nonideal posture is also an all-too-common condition of muscular control (or 
lack thereof). Nonideal posture can negatively affect movement patterns, which can increase 
injury risk and cause muscle imbalances within the body. For example, people who spend a 
lot of time in front of their computers can exacerbate improper alignment in the head, neck, 


and shoulders, leading to kyphosis. 


An individual’s ability to maintain control over their posture and maintain this equilibrium is 
their level of postural control. A coach should recognize posture is unique to each individual. 
There are general norms for ideal posture, but they will vary depending on an individual’s joint 
mobility, stability, flexibility, and bone configurations. For general purposes, consider neutral 


alignment the ideal equilibrium of posture. 


The key principles of alignment for both joints and muscles include the following: 


+ Faulty alignment results in undue stress and strain on bones, joints, ligaments, 


and muscles. 


Joint positions indicate which muscles are lengthened and which muscles are shortened. 


If posture is habitual, a relationship will exist between alignments and muscle 


test findings. 


Muscle shortness pulls the origin site and insertion site of the muscle closer together. 


Adaptive shortening can develop in muscles remaining in a shortened condition 


for an extended period of time or from repetitious movement. 


Muscle weakness allows separation of the muscle’s origin site and insertion site. 


Stretch weakness can occur in one-joint muscles remaining elongated. 


During a postural assessment, a coach will simply observe and note a client’s static posture 


as a baseline as well as their dynamic posture during movements such as a walk, jog, or squat. 


DID YOU KNOW 


Did you know that each joint 
should be able to move 
through its normal range of 
motion to get the greatest 
benefit from the strength 

or conditioning exercises in 
this course? It is therefore 
important to identify any 
mobility restrictions that could 
put an athlete at risk for injury. 


MUSCLE IMBALANCES: 


When muscles surrounding a 
joint are abnormally weakened 
or overactive and thus limit 
the joint’s movement. 


KYPHOSIS: 


A condition characterized by 
rounding in the upper spine. 


POSTURAL CONTROL: 


Ability of an individual to 
control and maintain their 
posture in equilibrium. 


NEUTRAL ALIGNMENT: 


A position directly between the 
extremes of motion at a joint; 
equilibrium of body posture. 


ADAPTIVE SHORTENING: 


Muscle fiber shortening from 
overuse or extended time in a 
shortened length. 


STRETCH WEAKNESS: 


When a muscle is lengthened 


beyond its physiological 
neutral but still within its 
normal range of motion. 
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Static Posture Assessment 

The static posture assessment is a simple way of quickly assessing the client’s typical 
positioning of their body in space. A coach should not be looking for perfect posture but for 
abnormalities influencing performance that may cause or worsen an injury. Any observations 


should be recorded for later review and used during movement. 
Here are the steps for a static posture assessment: 
1. The subject should stand in a relaxed stance. 


2. If the subject appears to be standing in a position showing awareness of being 
assessed rather than a natural posture, the subject can be asked to march 
in place for 10-20 seconds and then relax to find a more natural, rather than 


practiced, posture. 


3. The client should be observed for 20-30 seconds maximum from each of four 


viewpoints: anterior, lateral left view, lateral right view, and posterior. 


4. Abnormalities from anatomical neutral should be noted for the following five 


kinetic checkpoints: 


Head and neck 


O © 


Shoulders 
c. Hips 
d. Knees 


e. Ankles 


5. Deviations should be noted with brief descriptions. 


Figure 8.7. Spinal deformity types 
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COMMON STATIC POSTURAL DEVIATIONS 


- Lordosis: increased inward curving of the lower spine 

- Kyphosis: excessive forward rounding of the back 

- Flat back: reduction of the normal curve in the lower spine 
- Scoliosis: sideways curvature of the spine 


- Upper crossed syndrome (UCS): combination of overactive and underactive 
muscles in the shoulder, chest, and neck regions. UCS typically consists of 
rounded shoulders, curvature in the neck and upper back, and forward head (in 


front of the body). 


- Lower crossed syndrome (LCS): combination of overactive and underactive 
muscles in the lower back, abdominals, and hips. LCS typically consists of a 


forward pelvic tilt and excessive arching of the lower back. 
- Knee/ankle valgus: knee or ankle angle toward the midline of the body. 
- Knee/ankle varus: knee or ankle angle away from the midline of the body. 


- Asymmetrical hip shift (hike): pelvic tilt causing one side of the pelvic 


girdle to be elevated higher than the other. 


Dynamic Posture Assessments 

Dynamic assessments require movement through a range of motion to look for potential 
postural deviations and dysfunctions resulting from muscular deviations. A fitness professional 
can identify muscular strengths, weaknesses, and potential overactivity. However, it is outside 
the scope of practice for a personal trainer to diagnose structural deviations such as skeletal 
deformities or orthopedic issues. If structural dysfunctions are likely or directly observed, the 


client should be referred to a physician or orthopedic specialist. 
The following are several widely accepted dynamic assessments a trainer can use to effectively 
assess the major joints and muscles in the body and the individual’s ability to control them: 
+ Gait assessment 
+ Standard squat assessment 
- Overhead squat assessment 


+ Lunge assessment 
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During dynamic postural assessments, several factors determine an individual’s performance. 
Previous injury and variations in motor control and coordination (especially with youth) will have a 
major effect on assessment performance. Range of motion, overall body composition as it relates 


to potential movement limitations, and overall balance will also have a major effect. 


GAIT ASSESSMENT 


Gait assessment requires a coach to observe the client while walking. The assessment is ideally 
performed with the client in bare feet. The coach should observe gait movement from the lateral 
position as well as anterior and posterior. The goal is to observe anatomical functions such as 
arm swing, shoulder position, head position, pelvic tilt, hip range of motion, knee motion, ankle 


motion, heel position, and rear foot position when not in contact with the ground. 


Common dysfunctions to look for include forward head, rounding of the shoulders and upper 
spine, asymmetrical hip shift at any point in the stride, knee varus or valgus, foot turn in or 


out, and flattening of the arches of the foot. 


Figure 8.8 Knee Variations. 
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The normal alignment of the knee is shown on the left. Knee valgus (knock-kneed) occurs 
when the knee angles toward the midline. Knee varus (bowlegged) occurs when the knee 


angles away from the midline. 
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DID YOU KNOW 


Static and dynamic postural assessments can reveal two different types of hip 


dysfunction—hip shift and weight shift? 


Hip shift (hike) occurs when the pelvic girdle is tilted to one side, making one side higher 
than the other, and is often referred to as a lateral pelvic tilt. A hip hike is commonly 


observed in a static postural assessment or a gait assessment. 


Potential causes include scoliosis; overactivity of the tensor fascia latae and adductors 
(same side); overactivity of the glutes, piriformis, hamstrings, and calf complex (opposite 
side); and underactivity or weakness in the glutes (same side) and anterior tibialis and 


adductors (opposite side). 


Weight shift occurs when the weight of the body is shifted laterally to one side more 
than the other and is often referred to as a lateral weight shift. The weight shift can be 
observed in static postural assessments and in dynamic assessments like the squat or 


overhead squat. 


Potential causes include uneven leg length; existing lateral pelvic tilt; excessive anterior 
or posterior pelvic tilt (like lordosis or flat back); overactivity of piriformis, hamstrings, and 
glutes (opposite side); overactivity of adductors and tensor fascia latae (Same side); and 


underactivity or weakness in the adductors (opposite side) and glutes (Same side). 


STANDARD SQUAT ASSESSMENT 


The squat assessment is an incredibly functional assessment for clients of all ages. 
Everyone sits and stands multiple times in a day. For this assessment, a client will complete 
a basic squat with little to no instruction from the trainer. The goal is not to coach them into 
proper form (yet) but to observe their habitual form during the range of motion. The squat 
should be completed unloaded to prevent influence from external forces and with a moderate, 
controllable tempo. Three to four reps are ideal to observe a repetition from each of the 


angles without causing fatigue that may exacerbate deviations in the client’s posture. 
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Figure 8.9 Squat Assessment 


Understanding what a squat should look like when done properly is key for a fitness 


professional. The assessment should be observed from the anterior and posterior positions 
and laterally to look for spinal alignment, rounding of the spine (kyphosis or lordosis), hinging 
at the hips (or lack thereof), angles at the knees and ankles, forward lean, knee varus or 


valgus, and ankle inversion or eversion. 


OVERHEAD SQUAT ASSESSMENT 
The overhead squat assessment is very similar to the standard squat assessment with the 
addition of arm range of motion during the movement. The client will complete an unloaded 


squat while holding their arms overhead. 


From the start position, the desired state is to keep the elbows back by the ears with arms 
extended straight overhead and shoulders down in the socket. If a client is unable to achieve 


this position, it should be noted. 
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Figure 8.10 Squat Assessment 


As with all other dynamic postural assessments, this overhead squat should be observed 


from a lateral, anterior, and posterior position. During the squat, a coach should look for the 
same potential deviations as the overhead squat as well as movement of the arms from 
the starting position relating to head position, forward lean, and, specifically, flexion and 
extension of the spine from the lateral view. This assessment is highly effective in identifying 


core musculature and shoulder girdle dysfunctions. 


LUNGE ASSESSMENT 


The lunge assessment can be completed as a dynamic lunging movement (forward or 
backward) or as a static lunge (split squat) based on the client’s ability and balance. For 
example, an elderly client who has recently fallen may not feel comfortable moving (or be able 


to dynamically move) through a reverse lunge or walking-lunge range of motion. 


For this assessment, a coach will observe the appropriate lunge movement with little or no 
coaching. Again, the goal is to observe the habitual movement pattern and assess the client 


instead of coach the client through the movement. 
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CORRECTIVE EXERCISE: 


Exercises geared toward 

injury prevention and optimal 
movement patterns focusing 
on reducing muscle adhesions 
(knots), strengthening weak 
musculature, stretching 
overactive muscles, and 
improving functional movement. 


CARDIORESPIRATORY 


ASSESSMENT: 


Tests assessing anaerobic 
and aerobic physical fitness. 


Figure 8.11 Lunge Assessment 


Potential deviations a coach will look for include (but are not limited to) head position, 


shoulders, forward lean, balance, width between the feet, hip asymmetry, knee varus or 
valgus, ankle inversion or eversion, and spinal flexion and extension. If the client is completing 
a forward or reverse lunge or a walking lunge, their ability to move into and out of the standing 


position will also be carefully scrutinized. 


With information derived from the static and dynamic postural assessments, a certified 
professional can use their knowledge of anatomy and physiology to establish potential injury 
risks as well as identify muscles to stretch and strengthen during exercise programming or 


as part of a corrective exercise routine. 


CARDIORESPIRATORY ASSESSMENTS 


A strength and conditioning coach should ideally conduct a cardiorespiratory assessment. 
These assessments, in terms of cardiovascular strength, will determine how efficiently a 


client is able to function when placed under physical stress. 


The goal of a cardiovascular test is to determine an individual’s VO2 max—the maximum amount 
of oxygen a person can use during intense exercise. VO2 max is measured in liters of oxygen per 
minute or as milliliters of oxygen per minute per kilogram of body weight. The Rockport walk test 


and the Cooper run test are two effective ways a trainer may test a client’s VO2 max. 
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In the Rockport one-mile walk test, the participant walks as fast as they can for one mile, at 
the end of which their heart rate is measured. It is best practice to use a heart rate monitor, 
but if one is unavailable, the trainer or participant can take the pulse on the neck, near the 
carotid artery. The method of measurement (manual or monitor) used should be documented 
to ensure consistency with subsequent testing. Then the heart rate can be entered into the 


following equation to determine approximate VO2 max: 


VO2 max = 132.853 - (0.0769 x weight) - (0.3877 x age) 
+ (6.315 x gender variable) - (3.2649 x time) - (0.1565 x heart rate) 


Gender variable: female = 0; male = 1 


The Cooper 12-minute run test also measures long-term endurance. A coach tracks how far a 


person can run in 12 minutes and then enters the result into the following formula: 


VO2 max = (35.97 x miles ran in 12 minutes) - 11.29 


These tests provide generally accurate VO2 max scores used for general populations. More 
accurate testing measures are available to higher-level athletes (and in some fitness facilities 


with the right equipment), but these are generally offered in laboratory and research settings. 


Cardiorespiratory fitness tests like the three-minute step test have also been used for basic 
fitness assessments in the past. In this assessment a participant completes repetitions 
of an alternating step up at the fastest-possible maintainable pace for three minutes and 
measures the length of time required for the heart rate to return to a normal range. However, 
the Rockport and Cooper tests are more effective and have a higher percentage of participant 


completion than the three-minute step test and are therefore used more frequently. 


ea al 


THREE-MINUTE 
STEP TEST: 


An assessment in which 


an alternating step up is 
completed for three minutes, 
and the time to return to a 
resting heart rate range is 
measured upon completion. 


ISSA | Strength & Conditioning | 197 


CHAPTER 09 


PERFORMANCE 
ASSESSMENTS 


LEARNING OBJECTIVES 


1 | Explain how to assess an athlete’s physical 


performance. 


2 | Differentiate types of strength and how to 


measure them. 


3 | Describe the importance of endurance, agility, and 
balance as well as ways to measure them. 


4 | Identify different ways to assess, measure, and 
monitor key fitness qualities in a wide range of 
athletes. 
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AGILITY: 


The ability to move quickly 
and easily. 


POWERLIFTER: 


An athlete who competes in 
a lifting event (bench press, 
squat, or dead lift) where the 
athlete has three attempts to 
lift maximal weight. 


OLYMPIC LIFTER: 


An athlete who competes in 
events testing one attempt 
at a barbell plate—loaded 
movement like the clean and 
jerk. 


Once a coach has completed general health and fitness assessments and the athlete is 
cleared for training, the next step is performance assessments. Testing an athlete’s initial 
level of performance is an essential step for developing their strength and conditioning. It’s 
important to have quantifiable data to understand what’s working or what might need to be 
modified. The data is also valuable to the athlete’s coach, doctor, or family to demonstrate 


the effectiveness of the strength and conditioning program. 


ASSESSMENT SELECTION 


Each sport requires a specific combination of fitness and performance qualities. Many sports 
(e.g., football, basketball, or soccer), require a combination of strength, speed, agility, and 
endurance. But a coach might consider an athlete such as a shot-putter, powerlifter or 
Olympic lifter—there would be little value in taking them through an extended endurance test 


(such as a 30-minute jog) unless prescribed by a health professional. 


Understanding which performance assessments will most benefit an athlete means a coach 
must first understand the general fitness requirements and the specific skill sets needed for 


each sport. For each sport, a coach must answer this series of questions: 
+ Does the sport require intermittent or steady effort throughout? 
+ Does it require rapid changes in speed or direction? 
+ Which energy system do the players primarily use—aerobic or anaerobic (or both)? 
+ What equipment do players wear (if any), and does it affect movement? 
+ Does the sport require body contact between players? 
Once a coach knows these details, they can establish and deliver an assessment protocol. 


The first step should always be a health questionnaire like the PAR-Q and health history. Next, 
a coach should record resting heart rate and blood pressure as well as body composition and 
circumference measurements, if appropriate. The coach can then assess static and dynamic 
postures, including movement assessments. These will help illustrate any potential muscular 
imbalances that may affect an athlete’s movement patterns during training. Ideally, a coach 
should test flexibility, muscular endurance, and cardiorespiratory fitness before training or 
activity or as a stand-alone session to avoid fatigue. For the same reason, if balance is 


tested, it should be done before training. 


These more basic assessments should all precede assessments for speed, strength, agility, 


quickness, and power. 
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Figure 9.1 Progression and Specificity of Assessing an Athlete. 


Performance 
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Fitness Testing 
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Body Composition 


Biometric Data 
(Resting Heart Rate and Blood Pressure) 


PAR-Q and Health History 


The foundation of assessing an athlete begins with health history 
and progresses to performance assessments. 


Performance assessments allow a coach to accurately determine an athlete’s existing 


strengths as well as areas of opportunity for training. These assessments, of which there are 


many, cover strength testing, maximal strength testing, explosive strength testing, endurance 


testing, and agility testing. 


STRENGTH 


Strength is the ability to exert muscular force under a given condition. Strength is built 
and maintained to support functional movement, body composition, strong bones, and ideal 


posture. Athletes translate strength into athletic performance improvements by using bilateral 


FORCE: 


An action capable of changing 
the motion of an object. 


movement, eccentric training and loading, and variable resistance training. An athlete who 


already exhibits considerable strength will benefit from power and reactive strength training 


protocols while still maintaining and improving their strength. 


ISSA | Strength & Conditioning | 201 


CHAPTER 09 | PERFORMANCE ASSESSMENTS 


MAXIMAL STRENGTH: 


The maximum amount of force 
a muscle can produce. 


POWER: 


The maximal amount of 
force and velocity that 

can be produced by the 
neuromuscular system at a 
given load. 


ONE-REPETITION 
MAXIMUM (1RM): 


The maximum load an athlete 
can lift for one repetition. 


WORK CAPACITY: 


The maximum amount of 
exercise an athlete can 
recover from to elicit a 
positive adaptation. 


BORG CR10 SCALE: 


A scale that ranges from 


1 to 10 and is used to 
quantify a person’s perception 
of intensity during an activity. 


MAXIMAL STRENGTH 


This specific type of strength requires maximum activation of the largest motor units, which 
can typically sustain their activity for only 5 to 10 consecutive seconds. Maximal strength 
is a measure of an athlete’s peak voluntary muscular force. Training with maximal loads 
requires high levels of synaptic input to the motor neuron pool, which recruits the high- 


threshold motor units that produce the most force. 


Lifting heavy loads strengthens the muscles, tendons, and bones, which are then capable 
of transferring more power to any sport or activity. An athlete cannot develop high levels of 


power unless they have sufficient maximal strength. 


Developing maximal strength can help athletes increase their endurance for high-intensity 
activities. For example, improving an athlete’s one-repetition maximum (1RM) in the bench 
press from 270 to 315 pounds will allow them to perform more reps with 225 pounds, allowing 
for an increase in muscular work capacity and rate of force production. Research suggests 
athletes who regularly train for maximal strength can increase their aerobic capacity in the 
way of delayed fatigue by 18 to 31 percent. Not only does a 1RM test result give a coach 
a better understanding of an athlete’s current strength, but this subjective metric allows a 


coach to challenge the athlete with appropriate intensities and loads during a training cycle. 


DID YOU KNOW 


How much maximal strength is enough? An athlete’s maximal strength is a major 


component of their overall fitness, but not every athlete needs more. The journey toward 


greater and greater maximal strength can come at a very high physical cost for athletes 


because it can put undue strain on their joints, cause neural fatigue, and possibly expose 


them to unnecessary injury risks. 


HOW TO TEST MAXIMAL STRENGTH 


When determining an athlete’s initial level of maximal strength, a coach should take care 
to keep the athlete within their physical capabilities while still attempting to challenge their 
capacity. A coach must insist on ideal form and posture during maximal strength testing to 
prevent injury. The Borg CR10 scale, which measures the athlete’s rate of perceived exertion 
(RPE) on an analogue scale, is used to identify the difficulty of the effort. This 10-point scale 
is a valuable tool for determining how hard the athlete feels they are working. A rating of 1 


should equate to complete rest and relaxation, while a rating of 10 is all-out maximum effort. 
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DID YOU KNOW 


That when testing an athlete’s maximal strength, it’s important to not provide psychological 
stimulation? Cheering for the athlete or encouraging them to lift loads beyond their 
capability urges them to employ the psychology of willpower, which is not what is being 
tested. To get the most accurate result, a performance assessment should measure 


what the athlete is capable of lifting without extra stimulation. 


One-Repetition Maximum (1RM) 


Knowing an athlete’s 1RM for various lifts is beneficial for two reasons: 
+ The LRM helps to determine how much load will appropriately challenge the athlete. 


+ The 1RM is a Subjective assessment that can be repeated to track gains in 


strength throughout a training macrocycle. 


A 1RM test can be high risk, time consuming, and exhausting to the athlete. To be accurate, 


SKILL: 


it requires them to reach an RPE of 10. Exercises that require minimal skill are ideal for SA 
The ability to do a task well. 


1RM testing. A coach must avoid 1RM testing for complex lifts such as Olympic lifts or 
exercises that put excessive strain on the spine, such as a dead lift or a standing overhead 
press. Bench press, squats, leg press, and lat pull-downs are better used as benchmark 
movements in maximal strength testing. The exception would be if an athlete is advanced 


and has previously used such a movement as a benchmark. 


Before an athlete makes any 1RM attempt, they should do three warm-up sets of two reps 
each, with progressively heavier loads. Deconditioned athletes should have a trial round of 
the selected movement with 15 repetitions at a self-selected weight and then wait 48 hours 


before a testing session so they can become familiar with the movement and the protocol. 


Set one should be a moderate load with an RPE of four to five followed by two minutes of rest. 
Set two should increase the resistance to an RPE of six to seven followed by a three-minute 
rest. Set three, the final warm-up set, should increase the effort to an RPE of approximately 


eight followed by a five-minute rest. 


Set four is the 1RM test itself. It should use a load approximately 20 percent greater than 
that used in the third warm-up set. The coach should emphasize the utmost importance of 
proper movement mechanics and form as the athlete completes the repetition. Once the single 


repetition is completed, the athlete should rest for up to five minutes before continuing training. 
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Table 9.1. Steps for Testing 1RM. 


Set Reps RPE Rest 
1 (warm-up) 3 4-5 2 minutes 
2 (warm-up) 2 6-7 3 minutes 
3 (warm-up) 2 8 5 minutes 
4 (1RM test) 1 10 5 minutes (if necessary) 


The table represents the minimum number of steps to test an athlete’s 1RM. Each of the three 
warm-up sets should be performed with progressively heavier loads that correspond with the 
proper RPE. Use as many warm-up sets as necessary, ending with an RPE around eight. The first 
1RM attempt starts with a load that’s approximately 20 percent greater than the last warm-up 


set. If additional 1RM attempts are necessary, rest at least five minutes between each attempt. 


Two- to Three-Repetition Maximum (2-3RM) 

When a 1RM test is not possible or if its unadvisable for a particular athlete, another option 
is a 2-3RM test. It relies on a range of reps, which increases the chances of finding the 
right load in less time. It also uses a lower total load for those concerned about (or who are 
prone to) injury. The range of two to three repetitions will also provide a weight range useful 


for calculating a 1RM. 


There is much debate in athletics about the relative merits of the 1RM, 2-3RM, and even 
5RM tests. The conversation centers around the stress placed on the body when lifting 
one repetition of maximal weight versus the stress from lifting 90 to 98 percent of maximal 
weight multiple times, where the total work is considered greater. Research suggests when 
the 1RM itself is not used, 3-5RM is the most accurate range of repetitions a coach or 


athlete can use to calculate a true 1RM. 


The athlete should follow the same warm-up protocol as the 1RM before the maximal-effort 
attempt. Before the first 2-3RM attempt, a coach should instruct the athlete to stop at three 
reps, regardless of their RPE or if they feel they can successfully complete more. If the athlete 
could have completed more than two or three repetitions, the load was not heavy enough and 
should be increased for another attempt. If multiple attempts are to be made, adequate rests 
(three to five minutes) should be allowed between attempts to prevent fatigue. The increases 
in weight for each additional round range from 5 to 10 percent. The assumptions leading to 


an estimation of the 1RM are these: 
- If an athlete can complete two reps, they’re using 90—92.5 percent of their 1RM. 


+ If an athlete can complete three reps, they’re using 87.5—90 percent of their 1RM. 
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A coach can then divide the load by the percentage to find the 1RM. For example, if the 
athlete maxed out at three reps with 150 pounds, their 1RM for that lift is 167 to 171 


pounds. The math looks like this: 
150 pounds / 0.875 = 171 pounds 
150 pounds / 0.90 = 167 pounds 


Calculating the range for this slightly submaximal test delivers a reliable and relatively small 
weight range to apply as the metric. In this example, the difference is four pounds with the 


general assumption that 171 pounds is the true 1RM for this athlete. 
The 1RM for an exercise can also be calculated with the Brzycki equation: 
1RM = W x 36 / (37 - R) 


In this equation, W is the weight used, and R is the number of repetitions completed 


with weight W. 


Table 9.2. Steps for testing 2-3RM. 


SET REPS RPE REST 
1 (warm-up) 2 4-5 2 minutes 
2 (warm-up) 2 6-7 3 minutes 
3 (warm-up) 2 8 5 minutes 
4 (2-3RM test) 2-3 10 (last rep) 5 minutes (if necessary) 


The first 2-3RM attempt starts with a load approximately 15 percent higher than the final 
warm-up set. If additional 2-3RM attempts are necessary, the athlete should rest at least five 


minutes between each attempt. 


ASSESSING FULL-BODY STRENGTH 


There’s no simple answer that defines how much maximal strength is enough, but the demands 
of an athlete’s sport are a good indication. The physical capabilities of male athletes and RELATIVE STRENGTH: 


female athletes are inherently different. In general, men and women have similar levels of How strong an athlete is in 
relation to their body weight. 


relative strength in the legs, but women typically have less relative strength in the upper body. 


Relative and Absolutely Strength 
Relative strength is a measure of how strong an athlete is in relation to their body weight. 


This strength quality is especially important for athletes who compete in sports with weight 
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ABSOLUTE STRENGTH: 


The maximum amount of force 


a person can exert, regardless 
of body weight. 


EXPLOSIVE STRENGTH: 


The ability to express maximum 
force in minimal time. 


NEWTON (N): 

The force required to accelerate 
one kilogram of mass at one 
meter per second squared 

in the direction the force is 
applied. 


RATE OF FORCE 
DEVELOPMENT (RFD): 


The rate at which an athlete 
can develop force with rapid 
voluntary contraction. 


classes because then the goal of relative strength training is to improve an athlete’s strength 
with little or no increase in body weight. Absolute strength removes the consideration of 


body weight to determine the maximum force an athlete can exert regardless of weight. 


Strength assessments are designed to determine the current state of an athlete’s abilities 
with the aim of improving not only the assessment outcomes but also the full-body power an 
athlete is able to produce functionally for their sport. Strength assessments for each type 
of athlete should correspond to the demands of their sport, as should the types of cyclical 
training prescribed in the various training cycles to promote strength gains, recovery, and 


movement efficiency. 


EXPLOSIVE STRENGTH 


The ability to express maximum force in minimal time is explosive strength. Force is 
measured in newtons, and one newton (N) is the force required to accelerate one kilogram 


of mass at one meter per second squared in the direction the force is applied: 
1N = 1 kg x m/s2 
Here is another way to write that same equation: 
F=mxa 


In this version of the equation, F stands for force, m stands for mass, and a stands for 


acceleration (force is mass multiplied by acceleration). 


The rate at which an athlete can develop force with rapid voluntary contraction is the rate 
of force development (RFD). An athlete builds explosive strength by increasing the RFD of 
the prime mover, which then allows them to be more explosive in less time. Research also 
suggests that heavy resistance strength training can also increase the RFD by increasing 


muscle contractility and neural drive (in the form of motor neuron outflow). 


Because RFD is measured in newtons per second (force and time), the relationship between 


explosive strength and RFD can be illustrated with a force-time curve. 
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Figure 9.2 Rate of Force Development and Explosive Strength. 


athlete B 


athlete B 


force force 


\ athlete A 


\ 
\ 


time 


Left: Both athletes achieve the same level of force, but athlete B produces more force at all times 
before the peak. Right: Athlete B produces a higher level of force and then returns to a resting 
state faster than athlete A. In either case, athlete B has a higher RFD and more explosive strength 


than athlete A. SPEED STRENGTH: 


The ability of the neuromuscular 


system to create the largest 
Speed strength is the ability of the neuromuscular system to create the largest impulse in impulse in the shortest amount 


of time with maximum load. 


the shortest amount of time—that is, it’s the ability to move at high speed with maximum 


load such as an Olympic lift, shot put, or hammer throw. 
This equation calculates speed strength: 
SS = W/T 


SS is speed strength, W is work, and T is time (power is work divided by time), and work is defined 


as force times distance. That means that a refinement of the above equation would look like this: 
SS =(FxD)/T 
The equation shows there are three ways to increase speed strength: 
+ Produce more force in the same amount of time 
+ Produce the same amount of force in less time 


+ Produce more force in less time 
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HOW TO TEST EXPLOSIVE STRENGTH 


There are many tests that can assess an athlete’s explosive strength. Three widely applicable 
and concise performance assessments are the vertical jump, the standing broad jump, and 
the single-leg broad jump. The vertical jump applies to any athlete who jumps in their sport, 
while the standing and single-leg broad jumps apply to any athlete who cuts, stops, and 


starts and uses full-body explosive movements. 


IMPORTANT TIPS FOR TESTING EXPLOSIVE STRENGTH 


The athlete should refrain from any heavy weight training for two days before testing to 


ensure they are physically recovered. 


All possible variables (testing time, testing location, warm-up activity, testing equipment, 
testing procedure, and so on) must be kept consistent through subsequent trials, or the data 


will be skewed. 


The biomechanics of the jump must be as consistent as possible. In subsequent trials, if 
the athlete uses a wider or narrower foot placement or is wearing different shoes or jumping from 


a different surface, an accurate measure of performance changes cannot be achieved. 


Proper warm-up is essential. Warm-ups should prepare the nervous system and joints for 


activity. Maximal effort should not be attempted until the actual test. 


Vertical Jump 
The vertical jump test has been shown to be a reliable, practical, and valid way to measure 


lower-body explosive strength. 


The athlete should perform two vertical jumps with 60 seconds of rest between each as part 
of a warm-up and to familiarize themselves with the testing protocol. Then the athlete should 
stand with both feet firmly on the floor and reach the highest possible point on the measuring 


device to determine their baseline reach. 


When the athlete is ready to perform the jump, the coach should measure the distance 
between the inside of their heels and place two tape marks on the floor so their heels 
maintain the exact same width with each subsequent attempt. Whichever foot placement 
feels most natural to the athlete is appropriate for this test. That stance width will be slightly 


different for everyone. 
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After completing the warm-up attempts and establishing baselines, the athlete is ready to 
perform a maximum vertical jump test, using as much arm swing as feels natural. They 
should perform three attempts with 90 seconds of rest between each. The coach should 
record the highest point reached—that is, the largest difference between the baseline reach 


and the maximum vertical jump touch. 


Standing Broad Jump 

The primary difference between the vertical jump test and the standing long jump test is 
that the latter challenges balance, which is necessary for sticking the landing. For explosive 
athletes who require dynamic balance and strength in combination, this performance 


assessment is very effective. 


The athlete should perform three warm-up standing broad jumps with 6O seconds of rest 
between each to familiarize themselves with the test protocol. Ideally, the assessment will 
occur on a firm, dry, flat surface such as a hardwood floor or a track surface. The location 
of the test should be noted for future retesting consistency. The athlete can perform the 
standing broad jump without shoes or wearing any shoe with minimal cushioning. Athletes 


should avoid wearing shoes with thick cushioned soles. 


When the athlete is ready to perform a broad jump, the coach should measure the distance 
between the inside of their heels and place two tape marks on the floor so the athlete’s heels 
are the exact same width with each subsequent attempt. Like the vertical jump, whichever 


foot placement feels most natural to the athlete is appropriate for this test. 


The athlete should then make three standing broad jumps with 90 seconds of rest between 


each attempt. If the athlete loses balance on the landing, the attempt does not count. 


The score is the measurement in inches from toes at takeoff to the back of the heels at 
landing. If the feet are not even, the measurement should stop at the heel closer to the 


takeoff line. The assessment records the longest of the three jumps. 
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Figure 9.3 Standing Broad Jump. 


From standing, the athlete quickly crouches into a squat and then immediately performs the 
longest jump possible while sticking the landing. Any extra step or loss of balance on the landing 
means the jump cannot count as an attempt. 


Single-Leg Long Jump 

To familiarize themselves with the test protocol, the athlete should perform three warm- 
up single-leg long jumps on their desired (typically dominant) leg, with 60 seconds of rest 
between each trial. As they initiate the jump with an arm swing, they must be fully loaded on 
a single leg, and they must land on the same single leg. Ideally the assessment will occur 
on a firm, dry, flat surface such as a hardwood floor or a track surface. The location of the 
test should be noted for future retesting consistency. The athlete can test the standing long 
jump without shoes or while wearing any shoe with minimal cushioning. A coach should avoid 


testing athletes who are wearing shoes with thick cushioned soles. 


When the athlete is ready to perform the single-leg long jump assessment, the coach should 
mark the ground at the toe of the jumping foot so they can locate the same starting point 


with each subsequent attempt. 


The athlete should then perform three single-leg long jumps with 90 seconds of rest between 


each attempt. If the athlete loses balance on the landing, the attempt does not count. 


The score is the measurement in inches from the line (front of toes) at takeoff to the back of 


the heel at landing. The assessment score is the length of the longest jump. 
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From standing, the athlete quickly crouches into a single-leg loaded position and then 


immediately performs the longest jump possible while sticking the landing on one foot. Any 


extra step or loss of balance on the landing means the jump cannot count as an attempt. 


REACTIVE STRENGTH 


When an athlete sprints, jumps, or cuts, their muscles must quickly stretch and then shorten. 
This stretch-shortening cycle (SSC) is a key component of agility, acceleration, and speed. 


Training an athlete’s SSC is often termed plyometrics. 


The more quickly an athlete can transition between eccentric and concentric muscle actions, 
the faster they can react. This is the performance quality known as reactive strength. Research 


demonstrates that reactive strength is related to an athlete’s acceleration, cutting, and agility. 


Reactive strength is measured by evaluating jump height relative to the contact time on the 
ground. The movement most often used to assess reactive strength is the depth jump as it is 
the only plyometric exercise with measurable ground contact time. This assessment is useful 
for athletes involved in any sport that requires rapid acceleration or changes of direction and 


agility (football, soccer, basketball, volleyball, and so on). 


To perform a depth jump, the coach needs a box 12 to 18 inches in height and a tool to measure 
the height reached, such as a Vertec vertical jump tester. Starting atop the box, the athlete should 
step off the edge of the box, landing on both feet. As soon as their feet touch the floor, they should 
immediately jump straight into the air as if the ground were too hot, reaching as high as possible. 


The maximum height reached is their score for this assessment. 


Before testing, two to three submaximal attempts punctuated by 6O-second rests can serve 
both as a warm-up and to familiarize the athlete with the protocol. The athlete should also 
stand with both feet firmly on the floor and reach the highest possible point on the measuring 


device to determine their baseline reach. 


The score for the depth jump assessment is the difference between the athlete’s standing 


reach and rebounding reach. 


STRETCH-SHORTENING 
CYCLE (SSC): 


An eccentric action followed 
immediately by a concentric 
action within the same muscle. 


PLYOMETRICS: 


A style of athletic training 
primarily addressing the stretch- 
shortening cycle. 


REACTIVE STRENGTH: 


A person’s ability to quickly 
transition between eccentric 
and concentric muscle actions. 
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Figure 9.4 Depth Jump. 


The athlete steps off the box and immediately jumps as high as possible. 


STRENGTH ENDURANCE 


Endurance is the ability to sustain a submaximal level of performance. In most cases, 


STRENGTH ENDURANCE: strength endurance is measured with loads between 50 and 60 percent of an athlete’s 


The muscular ability to produce 


7 1RM. Strength endurance is different from “endurance,” a term associated with the ability to 
force over extended periods of 


time. sustain lower-intensity cardiorespiratory activities such as jogging or cycling. 


Strength endurance is the ability to endure the repetitive nature of sport, to maintain strength, 
speed, and power at the highest and most consistent level throughout a competition or 


game. Training for strength endurance allows an athlete to: 
+ Perform more volume of repetitions with a submaximal load, 
+ Sustain a greater percentage of maximum force for an extended period, and 
+ Metabolically recover faster between bouts of intense exercise. 


The push-up test and pull-up test can be employed as relative strength tests for athletes 
and are sometimes placed in the category of muscle power or endurance testing. These 
performance assessments are ideal for testing the muscular endurance of the upper body— 


specifically the pushing and pulling of muscles. 
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A commonly employed lower-body strength endurance assessment is the goblet squat. The 
athlete will place their feet at hip width and clasp their hands in front of the chest just below 
the chin. The coach will be observing for proper squat form (back flat, proper hip hinge) as 
the athlete completes the repetitions. Only repetitions where the athlete brings the elbows to 


the medial side of the knees will count. 
There are three common ways these strength endurance assessments can be administered: 


+ The athlete completes repetitions until failure, and the coach counts the number 


of full repetitions completed with ideal form. 


+ The athlete completes as many ideal repetitions as possible within a set amount 


of time (typically one or two minutes). 


+ The athlete completes repetitions until failure in time to a rhythmic beep that 


creates a tempo (generally 20-25 beats per minute). 


The use of beep testing is more common in professional and high-level athletics than in 
lower-level competition. The type of timing should be recorded so it can be replicated during 
future tests. The athlete’s score for all versions of this test is one point for each repetition 


completed with ideal form. 


Some research suggests that these tests are valid when a coach considers that they are 
weight-relative tests of muscular strength (relative strength) and that athletes with less 
strength or ability may achieve a score of zero. Modifications can be made to upper-body 


assessments for athletes who require them. 


A lack of strength endurance is a primary cause of fatigue during athletic competition. 
However, strength endurance is not as applicable when the sport requires actions lasting 
less than 10 seconds and when there’s an extended rest period between attempts, such as 


in Olympic lifting or throwing field events. 


SPEED AND AGILITY 


Agility, the ability to move quickly and easily, is one of the most important performance 
qualities for athletes competing in sports that require many rapid changes in direction, such 
as soccer, basketball, football, and volleyball. Adequate agility is also important for protecting 


an athlete from acute injury. Speed is the rate at which someone (or something) is able to SPEED: 


; . E The rate at which someone or 
move and is assessed alongside agility for most athletes. something can move. 
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DID YOU KNOW 


There are three components that can limit movement: strength, mobility, and motor control. 
Weakness or dysfunction in any of these components will disrupt normal biomechanics. 
The potential limitations of strength and mobility are easy to understand. Movement 


can’t occur if a muscle isn’t strong enough to overcome an opposing resistance. 


A lack of motor control impairs the fluidity and accuracy of movement, creating risk for 


joint pain and injury. Motor control is developed through focused and stepwise practice 


to acquire new movement skills. 


SHUTTLE RUNS 


Shuttle runs are often referred to as sprints, and they are used as performance assessments 
for acceleration, speed, and athletic performance. Depending on the demands of the 
particular athlete’s sport, a coach can assess shuttle runs of any distance they choose. 
For athletes who play on courts, shuttle runs could usefully take into account all or part of 
the length of their playing surface. For example, a shuttle run for a volleyball player might be 
from the end line to the net and back, while a shuttle run for a basketball player might be the 


distance from the baseline to the free throw line on the opposite side of the court. 


For all shuttle run tests, an additional timekeeper or two can prove very helpful. For shuttles 
in one direction, it is useful to have a person with a stopwatch at the end point of the effort. 
For assessments requiring the athlete to return to the starting point, having a timekeeper at 
the point where the athlete turns around allows a coach to capture more data (time to the 


turn and time to change direction, accelerate, and finish). 


Shuttle runs can be modified to assess acceleration and maximum sprint speeds with the 
addition of cones along the distance of the shuttle. For example, for a 30-meter shuttle, a 
cone and an additional timekeeper can be added at 10 meters. The timekeeper at the first 
cone will stop their stopwatch as the athlete crosses their location to capture acceleration 


time, while the timekeeper at the end point captures time to reach maximum speed. 
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LOWER-EXTREMITY FUNCTIONAL TEST 


The lower-extremity functional test (LEFT) is a functional agility test used as a performance 
assessment for healthy athletes and as a return-to-play assessment for athletes recovering 
from a lower-extremity injury. This assessment incorporates several footwork variations like 


the carioca step, forward and backward movement, and lateral movement. 


To prepare for the LEFT test, a coach should set up two cones approximately 10 yards 
apart. The distance between the cones matters as it allows the athlete to accelerate to 
challenging speeds without demanding exertion that might prevent them from completing the 


assessment. The athlete will move between the cones in the following sequence: 
Start at cone one. 

A. Sprint to cone two and touch. 

B. Backpedal to cone one and touch. 

C. Side shuffle to cone two and touch. 

D. Side shuffle to cone one and touch. 

E. Carioca to cone two and touch. 

F. Carioca to cone one and touch. 

G. Forward sprint to and past cone two to finish. 


The stopwatch begins with the initial movement and ends when the athlete passes cone two 


on the final forward sprint. 


CONE DRILLS 


Cone drills are limited only by a coach’s imagination. However, for the purposes of assessment, 
there are a few standard cone drills a coach can employ that are repeatable, simple to 


perform and time, and applicable to most sports. 


A simple four-cone assessment allows a coach to capture an athlete’s ability to change 
direction and move laterally. Useful for assessing movements demanded by basketball, 
volleyball, and other court sports, the four-cone drill has an athlete start at one corner of a 
four-cone square. When they are moving to a cone to the left or right, they shuffle laterally. 
When they are moving to a cone in front or behind, they sprint or backpedal. The simplest 
movement pattern is to trace a square in one direction and then retrace the square to the 


starting point. That sequence of movement is as follows: 


LOWER-EXTREMITY 
FUNCTIONAL TEST (LEFT): 


A drill to measure lateral speed 
and agility in both healthy and 
recovering athletes. 


CARIOCA: 


An agile crossover step where 


the leading foot steps across 
and behind the other and the 
lagging foot follows through. 
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A. Start at the bottom right cone. 
B. Shuffle to the left to cone two. 
C. Sprint forward to cone three. 
D. Shuffle to the right to cone four. 
E. Backpedal to cone one. 
F. Sprint back to cone four. 
G. Shuffle to the left to cone three. 
H. Backpedal to cone two. 
|. Shuffle to the right toward and past cone one to finish. 
The stopwatch begins with the initial movement and ends when the athlete passes cone one 


on the return. 


The T-test is another commonly used speed and agility assessment. Four cones should 
be set in a T formation within a 10-yard square. The movement sequence is as follows: 

A. Start at the cone at the base of the T. 

B. Sprint to the middle cone (cone two). 

C. Side shuffle to the left (to cone three). 

D. Carioca (or sprint) all the way to the right (to cone four). 


E. Side shuffle left to the middle cone (cone two). 


m 


Backpedal to and through cone one to finish. 


The longest distance can be completed either as a carioca or a sprint, but that choice 
should be noted for consistency in future assessments. The stopwatch starts with the initial 


movement and stops when the athlete backpedals past the first cone. 


Using performance assessments for strength, explosive strength, reactive strength, speed, 
and agility, a coach can develop an assessment strategy specific to the athlete’s sport to 
capture the best data. The coach will then use the information garnered from performance 
assessments to develop programming for all training cycles with the goal of improving each 


assessment over time. 
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Table 9.3 Athletic Demands and Performance Assessments, 


Organized by Sport. 
IDEAL IDEAL 
PHYSICAL DEMANDS Wists EXPLOSIVE- STRENGTH- IDEADSBEED 
STRENGTH AND AGILITY 
OF THE SPORT ASSESSMENTS STRENGTH ENDURANCE ASSESSMENTS 
ASSESSMENTS | ASSESSMENTS 
+ Full body force production 
+ Shuttles (various 
+ Intermittent bursts of intense effort Squat Standing z 
Baseball Pull-up test distances) 
followed by longer recovery time (2-3RM) broad jump 
AVEEDtESt 
- Four- to five-second sprints on average 
+ Unilateral and bilateral jumping 
+ Standing 
+ Rapid direction changes ; 
broad jump + Shuttles (various 
+ Stop and start Bench press 
Basketball + Singleleg Pull-up test distances) 
g : (1RM or 2-3RM) : 
Lateral shufflesSteady game pace with broad jump . LEFT test 
intermittent high-intensity bursts 
+ Vertical jump 
+ Some athlete contact 
+ Intermittent high intensity (estimated 
70-90 percent low intensity) + LEFT test 
+ Cutting and changes of direction Squat Standing - Pullup test + Shuttles (various 
Soccer i 
Agility and footwork with ball handling (2-3RM) broad jump pushups Sled 
and maximal 
* Six to eight miles of distance per match : 
acceleration) 
* Some athlete contact 
+ Intermittent high-intensity movement 
+ High-volume physical contact 
+ Bench press 
+ Stationary starting positions with explosive + Shuttles (various 
ee (2-3RM) Standing broad © Push-up test ; 
Football initiations distances) 
+ Squat jump + Pull-up test 
+ Rapid changes in direction and cutting + LEFT test 
(2-3RM) 
+ Backward running 
+ Heavy equipment worn throughout game 


These are sample strength, endurance, speed, and agility assessments 


useful for athletes in baseball, basketball, soccer, and football. 
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LEARNING OBJECTIVES 


1 | Define the components of fitness that contribute 
to program design. 


2 | Identify and describe the fitness principles used 
to create effective program design. 


3 | Identify potential training variables affecting 
program design. 


4 | Define the cycles of training program design. 


CHAPTER 10 | PRINCIPLES OF PROGRAM DESIGN 


PROGRAM: 


A plan of action. 


OBJECTIVE DATA: 


Data and information based 
on facts, not opinions. 


Proper program design is essential for a client’s success. An effective program will take 
several factors into account, including an individual’s goals, timeline, and abilities. The 
program administrator—the certified professional who creates the program—should have all 


the knowledge and tools necessary to drive the client’s success. 


There is an overabundance of information regarding fitness training guaranteeing success if 
one simply follows a particular or popular program written for no one in particular and everyone 
in general. Success requires adhering to general scientific principles and understanding how 
the body adapts to the stresses of physical training. These principles direct a coach to 


develop a scientifically based program founded on objective data and metrics. 


COMPONENTS OF FITNESS AND PROGRAM DESIGN 


Every day we lift, push, pull, bend, twist, squat, step, lunge, and carry. These fundamental 
human movements are performed by athletes, fitness enthusiasts, and the general 
population. Improving anyone’s physical abilities comes from physically challenging their 


bodies to encourage adaptation to the physical stress. 


The following basic concepts are related to both general overall fitness (general physical 
preparation) and sports-specific fitness (Special physical preparation and key motor ability 


training). All of these can and should be considered during program design. 


FLEXIBILITY 


Flexibility, or the range of motion around a joint and the length of the associated muscles, is key 


for efficient and effective quality of movement and proper muscle length-tension relationships. 


MUSCULAR STRENGTH 


Muscular strength refers to the exertion of force on physical objects. In fitness, this describes 
a person's ability to overcome resistance through various planes of motion. Foundational 
strength is a base level of physical conditioning that both prevents injury and increases 
physical efficiency. Athletes often measure maximum strength to establish the upper limits of 
their current abilities. Overall, quality of life and the quality of physical performance are both 


heavily dependent on muscular strength. 


MUSCULAR ENDURANCE 
Endurance refers to the ability of muscle or muscle groups to contract repeatedly for an extended 
period of time. Many fitness programs focus on muscular endurance without reaching optimal 


recruitment of the high-threshold motor units required to produce high-force outputs. 
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CARDIOVASCULAR FITNESS 


Cardiovascular fitness is the ability of the body to uptake and use oxygen efficiently. The 
cardiovascular system delivers oxygen and nutrients throughout the body while also removing 
metabolic wastes, and a conditioned system is vital for survival. Cardio work has long been 


considered crucial to a well-rounded fitness program, mostly due to its potential role in fat loss. 


BODY COMPOSITION 


Body composition is the ratio of fat-free mass to fat mass in the human body. The ranges of 
healthy bodyfat percentage have changed over time. For men, the range is between 6 percent 
and 24 percent (with the lower end typical of athletes). For women, the range is between 14 
percent and 31 percent. Research has clearly indicated higher levels (above the average 
range) of fat mass increase a person’s risk of chronic disease and decrease their life span. 
Body composition is a fair indicator of overall fitness and health and is, therefore, a key metric 


in a fitness and sports performance program. 


AGILITY 
In fitness terms, agility is the ability to biomechanically change direction in a controlled manner. 
AGILITY: 
Agility helps prevent acute injury, and the ability to momentarily accelerate or decelerate in PA ne 
The ability to change direction 
any direction requires cognitive and physical coordination. This type of specialized training in a controlled manner. 


can be applied after foundational strength training and can have a profound effect on both an 


athlete’s performance and resistance to injury. 


BALANCE 


Balance is the ability to remain controlled when on unstable surfaces. Balance training can 
be used to train the core musculature as well as smaller stabilizer muscles. Most individuals 
have unilateral or bilateral deficits (where one side is stronger than the other). Programs can 


be designed to address deficits so long as the deficits are not too severe. 


Recent research suggests balance training in isolation (with lower force production and 
altered movement patterns) does not translate well to real-life situational movement. To be 


effective, it must be incorporated into a broader training strategy. 


COORDINATION 


Coordination describes the ability to move in a biomechanically efficient manner relying on the 
concerted actions of the neuromuscular system. Efficient and effective movement requires 


proper sequencing of intra- and intermuscular activation. 
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SPEED 
Once foundational strength has been established, training can begin to address speed. Not 
all programs will include speed training as it is typically sport specific and based on a client’s 


end performance goal. 


POWER 


Power, as it relates to fitness, refers to exerting maximum force in the shortest amount of 
time. Actions like throwing, jumping, and accelerating fall under the scope of power. Power 


training should be performed only after first establishing adequate strength not only in 


musculature but in connective tissues like ligaments, tendons, and bones. Put simply, the 


body must have a proper foundation before training can address power. 


REACTION TIME 


Reaction time refers to the ability to quickly respond to a stimulus. Reaction time can be a 
critical component of health and safety and thus can be part of any client’s training program. 
Athletes often need to train for improved reaction time in specific skills. Once a motor pattern 


is learned and perfected, training can tackle reaction time. 


AN INDIVIDUALIZED APPROACH 


There is no single program that will work for everyone. There is also no single program that 


will be successful under all conditions. 


There are many existing variations of strength training programs. Each variation is designed 
to optimize training under specific conditions. Many program designs have been studied and 
tested to rate their effectiveness relative to each other. A single method or system of training 
does not guarantee the results to maximize performance for every sport. The objective of a 
coach is to design programs with goals like strength, endurance, hypertrophy, and balance 
that can be modified to work for a sedentary individual, a high-performance athlete, and 
everyone in between. Individualized program design is a necessary skill for a successful 


coach and certified fitness professional. 


That said, each program need not be completely novel. There are several established and 


supported principles of training that can guide structured and effective program design. 
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GOAL SETTING 


A goal is the object of someone’s desire or ambition. In fitness, a goal is an individual’s 


desired end state: desired body composition, level of strength, or sport-specific skill mastery. 


Setting goals is important in fitness for many reasons. It allows the client or athlete to 
visualize an ideal end point. They can sort through superficial motivations and goals and 
determine their true ambitions. It also allows the coach or trainer to better understand their 
client’s motivations and desires. When a coach truly understands the desired goal or goals, 
they are better able to individualize a program that will keep the client engaged and moving 


toward their goals. 


Setting goals is one thing, but setting SMART goals is more effective. SMART is an acronym 


of the five requirements for an achievable goal: 

Specific: The goal must be concise. 

Measurable: The goal must have a metric to measure or track its stages of completeness. 
Attainable: The goal must be possible. 


Realistic: The goal must be within the capabilities of the individual (now or in the 


future with training). 
Timely: The goal should have a realistic and specific deadline. 


For example, an athlete wants to run a 6:45 mile for a track meet in three months. They 


currently run a 7:35 mile, have no injuries, and are in good health. 


The specific goal is a 6:45 mile time. It can be measured during training and mile runs using 
a stopwatch. Since the athlete has no present injuries and is in good health, the goal is 


attainable, and the deadline for this goal is three months from now. 


This is a SMART goal! A coach can take this goal and design a training program to increase 


this client’s muscular strength, endurance, and speed. 


Goals are fluid—that is, they may change as time progresses or at the whim of the client. 
Perhaps training is not progressing as fast as the client wants, or maybe the athlete sustains 
an injury. A coach can adjust both individual aspects of the goal (like the timeline) or even 
change the goal itself. A client may achieve their goal and decide upon a new, more advanced 
goal as well. Maintaining flexibility with program design is imperative for a coach when working 


with the goals of others. 
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PRINCIPLE: 


A fundamental truth that 


serves as the foundation for 
a series of reasoning or set of 
beliefs. 


RECOVERY: 


A return to a normal state 
of health, mind, or strength. 


SPECIFICITY: 


The quality of belonging to or 


relating to a particular person 
or subject. 


PRINCIPLES OF TRAINING PROGRAM DESIGN 


A principle is a fundamental truth that serves as the foundation for a series of reasoning 
or a set of beliefs. Experts have developed numerous training principles that can guide a 
coach creating individualized, goal-based fitness and athletic programming. The principles 
are applicable to many (if not all) the established components of fitness as well as to most 
exercisers. The best or most applicable training principle is typically determined by the 


certified fitness professional. 


PRINCIPLES OF INDIVIDUALIZED TRAINING 


This principle is true to its name—it states a coach must treat each athlete as an individual 
and ensure that any program is designed specifically for them. Every individual will have a 
unique starting point and unique physical responses to exercise. Variables like age, gender, 
medical history, injury status, training goals, and motivation must be considered when 
creating a program. For example, females have been found to need more recovery time than 


males, while younger clients may require less recovery time than older clients. 


This principle is listed first as it often requires the implementation of several of the following 


program design principles to create an effective routine. 


SPECIFICITY PRINCIPLE 


If an athlete is working to improve within a specific sport, there is a set of required skills specific 
to that sport. For example, a baseball player may see a cardiovascular benefit from swimming 


regularly, but swimming will not help them improve the muscular endurance of their legs. 
Within the specificity principle, consideration must be paid to specificity in the following areas: 


- Muscle groups: Training should target the muscle groups and joints involved in 


the sport-specific movements. 


+ Velocity: Skill improvement is related to the velocity at which skills are performed. 


Exercise selection and order of completion matter. 


+ Energy sources: A balanced training approach should address the phosphagen, 


aerobic, or anaerobic energy systems. 


+ Muscle action: Strength improvement is related to the types of muscle actions 


used in training—isometric, eccentric, and concentric contractions. 
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ADAPTATION PRINCIPLE 


Adaptation is a result of improved physiological efficiency. Over time, the body becomes 
ADAPTATION: 

The physiological changes that 
occur in the body that result in 
greater efficiency. 


accustomed to the demands it is placed under. This explains why a beginning client will be 
very sore after their first workout, but two weeks later, they can perform the same routine 
and report little to no muscle soreness at all. Progressive overload is required to continue to 


challenge the body. 


General Adaption Syndrome Principle 


The general adaptation syndrome (GAS) principle describes the symptoms that the body 


STRESS: 


Physical or emotional tension. 


exhibits in response to stress. There are three stages in the GAS principle: 


1. Alarm: This is the physiological fight-or-flight response. Heart rate and blood pressure 


increase, while adrenaline and cortisol are released in response to stress. 


2. Resistance: Blood pressure and heart rate return to normal, and cortisol 
production slows. While the initial shock of the stress has worn off and the 
individual may feel like they have recovered, the body has not yet returned to 
baseline levels. The person may be irritable, frustrated, or unable to concentrate. 


The body is the most resistant to stress in this stage. 


3. Exhaustion: Prolonged stress has taken a toll on the body. In this stage, fatigue 
and burnout occur, and anxiety and depression can manifest. In some cases, the 
immune system can also be compromised, leaving the individual open to stress- 


related illness. 


Specific Adaptions to Imposed Demands Principle 

This principle is well documented and states that to achieve a specific adaptation, a training 
regimen must be designed specifically for that adaptation—that is, a person gets what they 
train for. This is the next level of the specificity principle, and it is applicable to all forms of 


performance training. 


For strength training, based on the skills being trained and the sport involved, a coach must 
determine what type of strength the athlete is aiming to improve: speed, endurance, core, 


flexibility, maximal strength, and so on. 


For endurance, the coach must ask whether the athlete is seeking increased aerobic 


endurance, anaerobic adaptation, or speed. 
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VOLUME: 


The amount of work completed 
(as in the number of repetitions 
or sets). 


OVERLOAD: 


Excessive load or demand. 


SYSTEMATIC: 


Methodical, done according 
to a fixed plan. 


PROGRESSION: 


The process of moving gradually 
toward a more advanced state. 


Finally, for hypertrophy training, there are many modifiable variables. The weight or resistance 


used, the volume of reps, and even the time between sets will all affect overall adaptation. 


OVERLOAD PRINCIPLE 


The principle of overload refers to the concept that the muscles respond and adapt to an increase 
in applied stress. In simple terms, the greater the stress, the greater the physiological response, 
provided that the tissue can recover adequately from the stress. To create adaptation, there must 
be a gradual and systematic increase in the stress placed on the body. This can be accomplished 
through an increase in resistance for weight-training exercise, an increase in distance covered 


during a run, or an increase in the pace of a cycling event. 


PROGRESSION PRINCIPLE 


The principle of progression is closely related to the overload principle in that progression is 
tied to a timeline. The increase in workload or resistance must be done in a sequence that 
challenges the body to the point of adaptation but without creating unnecessary injury. If the 
increase is too slow, adaptation does not occur. If the increase is too quick or intermittent— 


like Someone who trains only on the weekend—adaptation will be limited. 


RECOVERY PRINCIPLE 


In conjunction with the overload and progression principles, the recovery principle is the 
proven fact that rest and recovery are required to induce desired adaptations. The commonly 
quoted formula is that work plus rest equals success. Regardless of the adaptations seen 
from progression during training, the more an athlete stresses the body, the more sleep and 
recovery the body will demand. Athletes who are highly motivated may neglect this principle, 
so it is a coach's obligation to ensure they understand the importance of rest and implement 


it appropriately. 


The recovery principle can also apply on a microlevel during each individual training session. 
The length of time between sets can affect the physiological outcome of a training session, 
so a coach should adjust rest time accordingly, in keeping with factors such as intensity, 


training goals, load lifted, and the training status of the athlete. 
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PRINCIPLE OF REVERSIBILITY 


Sometimes referred to as the principle of use and disuse, this principle states that if an 
individual stops doing a specific exercise or challenging the body at a certain level, after a 
while, the body will no longer be able to complete that exercise or challenge at the same 
level. The physiological adaptations made to get to that point of training will reverse, whether 


partially or completely. 


For example, an athlete runs five miles a day for six months and then stops abruptly at 
the end of their season, with no plans to run until the following season. The increased 
mitochondrial density and cardiovascular adaptations the body had made over the six months 
of running will be diminished over the break. This is the reason coaches advise athletes to 


remain active in their off-season. 


THE FITT PRINCIPLE 


The FITT principle is often applied to training in general, but it pertains to cardiorespiratory training 
specifically. The acronym FITT stands for frequency, intensity, type, and time. Each of the four 
components of the FITT principle can be manipulated as part of an overall workout strategy, 


emphasizing different aspects at different times to elicit the desired training response. 


Frequency 

Frequency may refer to the number of workout sessions in a period of time (usually a day or 
a week). The frequency of workouts should be planned to maximize effects while targeting the 
time frame during which exercise-induced fatigue is resolved. When the exercise frequency and 


recovery time is ideal, the athlete is still able to build fitness from one workout to the next. 


Intensity 

Intensity refers to the relative difficulty of the exercise performed. In strength training 
exercises, intensity is measured by the amount of weight or resistance moved. With 
cardiovascular exercises, the percentage of maximum heart rate and rate of perceived 
exertion (RPE) is used to measure intensity. On cardiovascular equipment equipped to 
measure power production, measurements of wattage and rotations per minute can also be 
used to determine intensity when coupled with the heart rate response. The intensity of the 
workout will determine both the amount of fitness gained from individual workouts and the 
amount of fatigue that results. This component goes hand in hand with the overload principle, 


which states that intensity must change to promote adaptation. 


SEASON: 


The portion of the year in 
which regulated games or 
competitions of a sport are in 
session. 


OFF-SEASON: 


The portion of the year in 
which no regulated games or 
competition of a sport are in 
session. 


FREQUENCY: 


The rate at which something 
is completed or repeated over 
time. 


INTENSITY: 


The rate at which something 
is completed or repeated over 
time. 


RATE OF PERCEIVED 
EXERTION (RPE): 


A subjective sliding scale of 
1 to 10 that measures the 
exerciser’s self-perceived rate 
of exertion. 
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TIME: 


Duration. 


TYPE: 


The exercise modality or 
equipment used. 


REPETITIONS: 


The number of times a weight 
is lifted or moved. 


SET: 


A group of consecutive 
repetitions. 


OVERTRAINING: 


When the body exceeds 
the ability to recover from 
strenuous or prolonged 
exercise. 


Time 

Time is generally the duration for which an activity is performed. This may be measured as 
the total workout time for an individual session or, more specifically, the amount of time spent 
performing one exercise within the workout. A shorter workout may result in less challenge to 
the body, less fatigue, and a faster recovery, while conversely, a longer workout may result in 


excessive fatigue and a delay in physiological recovery. Time is thus closely tied to intensity. 


Type 

Type is the modality used to elicit the desired changes: running versus rowing for cardiovascular 
exercise or squats versus leg presses for strength training of the legs. Exercise type may play 
a part in dictating the effects from the workout; for example, compound, multijoint movements 


are more demanding on the body than single-joint, isolated movements. 


A coach can modify a workout or a program to continually elicit adaptations by adjusting 
one or more of the FITT components. There are approximately 256 combinations of the four 


principles, or 256 ways a coach can manipulate frequency, intensity, time, and type. 


A lot of research has been done on the FITT principle, and it has been found to be highly 
effective. However, one of the most effective variables (and one often forgotten, regardless of 


what training principles are applied) is fun: an exercise must be enjoyable to be sustainable. 


TRAINING VARIABLES 


The science of strength and power is forever deepening its understanding of how the body 
adapts to different physiological and psychological stressors. The need to overload the body 
is paramount for success in exercise program progression. There are many variables within 


a training session that a coach can identify, modify, and intensify to challenge the athlete. 


REPETITIONS 


The number of repetitions within a set or within a workout will vary based on the weight 
the individual uses (and the weight the individual is capable of handling). Repetition is the 
number of times a weight is lifted or moved. For a specific exercise, repetitions can be 
consecutive (in a set) or cumulative (total repetitions in all sets within a workout). Though 
this practice is less common for a general population, repetition counting and tracking for 
skills like jumping and physical contact are often used with high-level athletes in college 
and professional sports due to their vigorous daily training and practice schedules. This is 


thought to prevent overtraining and injury. 


ISSA | Strength & Conditioning | 228 


Research with untrained and trained individuals has studied the number of repetitions 
completed at 6O percent, 80 percent, and 90 percent of an athlete’s one rep max (1RM). The 
1RM is the total maximum weight that an athlete can move for a single rep. The number of 
repetitions that could be completed at 60 percent of a 1RM for movements like the squat was 
far higher than the bench press or weighted row for both trained and untrained subjects. This 
trend continued for 80 percent and 90 percent of 1RM. The determination was that the more 
muscle fibers used during a movement, the more reps could be completed. For example, the 
squat is a compound exercise that biomechanically requires more musculature than a chest 


press or row. 


The 1RM for an exercise can be calculated manually with the Brzycki equation: 
1RM = W x 36 / (37 = R) 


In this equation, W is the weight used, and R is the number of repetitions completed with weight 
W. To ensure the most accurate calculation, a lower rep count like three or four should be used, 


and the weight must be enough that the low number of reps is extremely challenging to complete. 


A coach may increase the number of repetitions of a movement to promote the adaptations 
of muscular endurance and strength. They may also choose to decrease the number of 


repetitions to allow for the use of more resistance or for a lower intensity training session. 


SETS 


The number of sets completed for a specific exercise or within an entire training session 
can be altered to effectively increase or decrease the amount of fatigue experienced during 
and after training. Fewer sets will result in less fatigue than a higher number of sets. Some 
studies suggest that a greater number of sets (without no increase in resistance) generally 


leads to muscle growth (hypertrophy) but not an increase in strength. Other studies suggest 


HYPERTROPHY: 


that both hypertrophy and strength can be increased by increasing the number of sets within Aa fiaeeaee fla iauiealatigeue 


a training session. The science overall Supports the idea that adaptations can be achieved sing 


by modifying the number of sets completed. 


The number of sets can be decreased for a multitude of reasons, and research suggests that 
in well-trained athletes, a decreased training volume for up to 21 days has minimal effect on 
previously trained physiological adaptations. A coach may reduce training volume to allow the 
athlete time to rest and recover psychologically as well as physically immediately postseason 


or if mental fatigue is affecting training progression. 
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PYRAMID SET: 


A series of sets of one exercise 
that progresses from higher 
reps and light weight to heavy 
weight and lower reps—or vice 
versa. 


PYRAMID TRAINING: 


A pyramid set that continues to 
progress through the reverse 
order, returning to the starting 
point. 


DROP SET: 


A lifting technique where the 
initial set uses heavy weight 


and proceeds until failure, 
and immediate subsequent 
sets require a weight drop and 
repetition until failure. 


PYRAMID SETS 


A pyramid set is a set of one exercise that either progresses from lighter weight and more 
repetitions to greater weight and fewer repetitions or the reverse—progresses from fewer 
repetitions with a heavier weight toward a lighter weight with more repetitions. A full round of 


pyramid training includes reversing the sets and reps until the athlete returns to the starting point. 


The theory behind an ascending pyramid sets and training (high reps to low reps) revolves 
around the activation of the muscle fiber types and the size principle for motor recruitment. 
The various types of motor units are recruited in the order of their size: type I, type Ila, type IIb, 
and type IIx. Lighter weight and higher repetitions activate the slow-twitch type | muscle fibers. 
Recall that type | muscle fibers are meant for endurance and longer duration movement. As 
the load increases and the repetitions begin to decrease, type II muscle fibers are activated to 


handle the weight. These are the muscle fibers responsible for power and speed. 


The reverse pyramid set and training (low reps to high reps) has the lifter begin with the 
heaviest weight they can move for two to four repetitions. The theory for a reverse pyramid is 
that the muscles are not fatigued when initially lifting the more challenging weight. According 
to the size principle for muscle recruitment, all the major muscle fibers will be recruited at 
the beginning of a reverse pyramid set. Depending on the rest time between sets, a drop of 
approximately 8 to 10 percent in weight with each set as repetitions increase by two to four 
will continue to recruit the same muscle fibers as the reverse pyramid reaches its maximum 
repetitions. Longer rest periods between sets will allow the muscle fibers to recover more 


fully and will affect fiber type recruitment. This is also the theory behind drop sets. 


DROP SETS 


A drop set is a technique where the lifter begins with a heavy weight and completes the 
number of repetitions to reach failure (typically 8 to 12 repetitions with the correct, heavy 
load) and then immediately decreases the weight and continues for an additional set of 
repetitions until failure. It is possible to perform as many drops in weight as desired in a 
drop set so long as each set continues until failure is achieved. The ideal percentage of 
weight drop depends on the number of drops sets to be completed, but 5 percent to 25 
percent weight drop is typical. Research on intramuscular oxygen concentrations and lactate 
build-up during subsequent sets of a drop set suggests that the muscle tissue is challenged 
metabolically with this style of lifting. The higher the number of sets within the drop set, 
the more metabolic stress is placed on the tissue, which may result in increased muscular 


strength and hypertrophy. 
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A coach may implement the use of drop sets in a training program to implement the overload 
principle and challenge the athlete’s muscle to fatigue and drive adaptation with proper 
recovery. The intensity and stress placed on the muscle tissue mean that drops sets should 


be used thoughtfully and in moderation to prevent injury or overtraining. 


SUPER SETS 


A super set is a combination of sets of two exercises targeting opposing muscle groups 
completed in succession with little to no rest between them. A compound set, on the other 
hand, is a set of two exercises targeting the same muscle group completed in succession 
with little to no rest between. When selecting the movements for a compound set, a coach 


must remember that fatigue also compounds. 


Like a drop set, the super set should include little to no rest between movements. It places 
a significant demand on the body and is very useful when the intensity of the movement 
is appropriate to the athlete. Research on the benefits of a super set versus allowing for 
recovery between sets suggests that the time saved and efficiency of training make the super 


set an attractive training technique for coaches and athletes. 


CIRCUIT 


A circuit differs slightly from a super set. A circuit is a series of exercises completed in 
succession with little to no rest between them. Typically, an athlete will compete two to 
three rounds of the exercises with 60 to 90 seconds of rest between rounds. Circuit training 
allows for many exercises to be completed in a relatively short amount of time, increases the 
intensity during the workout due to the pace of work, and promotes muscular endurance with 
reduced rest times. Research also suggests that the faster pace of circuit training leads to 


higher perceived enjoyment and motivation in many participants. 


A coach may implement a circuit-training routine when training time is short or a higher 
intensity and faster pace are desired. Circuits are also beneficial when the entire body needs 
to be trained within a single session. Because of the higher intensity, 24 to 48 hours should 


be allowed for rest and recovery between circuit-training sessions. 


REST PERIODS 


The amount of time between sets is termed a rest period. The desired adaptation, resistance 
used, and the strength of the athlete will determine appropriate rest periods between sets 


and between exercises. Unconditioned clients may require longer rest periods to avoid excess 


SUPER SET: 


A combination of two exercises 
for opposing muscle groups 
completed in succession with 
little or no rest between them. 


COMPOUND SET: 


A set of two exercises targeting 
the same muscle group 
completed in succession with 


little to no rest between them. 


CIRCUIT: 


A series of exercises completed 
in succession. 


REST PERIOD: 


The amount of time between 
sets. 
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TEMPO: 


The rhythm used to move a 
load during a repetition. 


TIME UNDER TENSION: 


Length of time a muscle 
is under tension during a 
repetition or a set. 


fatigue, but research has suggested ideal rest times based on the desired adaptation with 
relative confidence. To increase muscular power and maximum strength, rests of three to five 
minutes between sets are ideal, although as little as one minute may be sufficient for rests 


between attempts of maximum strength. 


The generally suggested rest periods for hypertrophy training are 30 to 60 seconds between 
sets, specifically due to the acute growth hormone response during this type of training. 
Finally, information about rest periods for endurance training is less concrete, but the research 


suggests 20 to 60 seconds of rest can drive muscular fatigue that leads to adaptation. 


A coach can easily manipulate rest periods based on the phase of training the athlete is 
currently in and the adaptation goal. They are an easy variable to modify to promote efficiency, 


safety, and effectiveness of training. 


INTENSITY 


As discussed with the FITT principle of training, intensity is the relative difficulty of performing 
an exercise or movement pattern. The intensity can be manipulated by adjusting one or more 
of the other training variables such as rest periods, type of sets, training volume, or speed 
and pace for cardiovascular training. Heart rate monitoring and rate of perceived exertion are 


tools a coach can use to measure intensity during training. 


TEMPO 


Tempo is the rhythm with which the load is moved during a repetition. Tempo affects a metric 
coaches use called time under tension. Time under tension refers to the length of time that 


a muscle is under tension, or loaded, during a single repetition or a full set. 


The tempo of a repetition takes into account the eccentric and concentric muscle contraction 
as well as the isometric pause between. For example, with a biceps preacher curl, a coach 
can have the athlete take five seconds to eccentrically lower a dumbbell to the end of the 
range of motion, pause for two seconds, then return the weight with a concentric contraction 
lasting five seconds to the top of the range of motion. In this case, the tempo would be 
written as 5:2:5 (eccentric: isometric: concentric). If written as 5:0:5, this would mean that 
there should be no hold at the end of the range of motion, and the concentric contraction 


should begin immediately after reaching the end of the range. 


While it would seem that an increase of time under tension would promote adaptations in 
any type of training based on the amount of resistance used, research suggests that tempo 
training is most effective for muscle hypertrophy as the primary adaptation is an increase in 


muscle fiber cross-sectional area (size). 
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VOLUME 


The volume of training refers to the amount of exercise completed in a training session, 
such as the number of repetitions or the total number of sets. Many training variables can 
be modified based on the overall volume of work desired, so a coach will generally determine 
the desired training volume before modifying any other training variables. It is important to 
remember that training volume has been found to have the greatest effect on muscle size 


versus overall strength, so higher volume is a valuable off-season training tool. 


EXERCISE ORDER 


The exercise order is simply the sequence in which exercises are completed during a training 


session. Some research suggests that exercise order has little to no effect on endurance. PHN Uae 


The sequence in which 


Regardless of the size of muscle group trained, the priority of the muscle groups for a training exercises are completed 


session or adaptation goal appears to maximize effectiveness when prescribed with other 
variables like load, volume, and rest periods. For example, if the training session is focused PRE-EXHAUSTION 
on legs and core work, a coach may have the athlete complete the desired leg exercises TRAINING: 


before the core movements to ensure they have optimal energy levels for the larger lifts. The theory that a muscle 
should be exhausted with a 


singlejoint movement before a 
The theory of pre-exhaustion training states that with larger muscle groups like the pectorals compound movement with the 


same muscle. 


and the quadriceps or hamstrings, pre-exhausting the muscle with a single-joint movement 
before a major exercise (compound movement) will result in greater strength or hypertrophy— 
for example, completing a chest fly before completing a bench press. However, some research 
suggests there is little to no difference in outcome when a muscle is pre-exhausted versus 


traditional lifting. 


The order of movements can be broken down further to include the type of movements— 
single-joint versus multijoint, power versus strength, or low skill versus high skill. Both single- 
joint and multijoint movements have been found to be equally effective for building strength 
and for hypertrophy, but using the complexity of the exercise as a model of progression has 


also been shown to be highly effective. 


Recent research suggests that as the technical difficulty of a movement increases, so do 
the dynamic requirements like core stability, balance, coordination, and agility. Therefore, the 
suggested progressions a coach should consider include these: 

+ Generic to specific 

+ Seated or lying to standing 

+ Single-joint to multijoint 

- Stable to unstable 

+ Simultaneous to alternating 


+ Slow to fast 
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EXERCISE SELECTION: 


The choice of exercise used in 
a training session, 


PERIODIZATION: 


The strategic implementation 
of specific training phases. 


TRAINING PHASES: 


The macrocycles of a training 
program—preparatory, 
competitive, and transition 
phases. 


EXERCISE SELECTION 


Closely related to exercise order is exercise selection. Taking into account the order of 
movements from simplest to the most complex, a coach can effectively prescribe the 
specific exercises necessary. The options a coach may consider extend beyond single-joint 
and multijoint movements to the type of equipment, the use of multiplanar and dynamic 
movements, and the type of training desired. These include the use of stationary machines, 
cables, dumbbells, barbells, plyometrics, and functional movements and the implementation 


of strength-training movements versus, for example, Olympic lifting. 


DID YOU KNOW 


That although it has long been believed genetics play a substantial role in an individual’s 
ability to gain muscle mass, this theory is largely unsupported in science? What 
is recognized is that an individual’s amount of skeletal muscle is 50 to 80 percent 


heritable—that is, determined by genetics. Beyond that, the effort that is placed in training 


and recovery will largely determine performance, hypertrophy, and strength, lending truth 


to the adage, “Hard work beats talent when talent doesn’t work hard.” 


PROGRAMMING 


A coach’s goal is to challenge an athlete enough to increase their ability to adapt 
physiologically without overtraining. A well-developed training program should include daily 
and weekly training plans that align with the athlete’s long-term goals. The program should 
also consider the seasonality of an athlete’s sport and use those seasons to drive efficiency 
and progression. A strength and conditioning coach should be able to adapt and adjust to the 


client’s individual needs and advancement as they move through training. 


PERIODIZATION 


The primary job of a coach is to bridge the gap between an athlete’s current physical condition 
and their desired physical condition. To achieve these goals, the coach must create a long- 


term plan based on biomechanics, adaptation, and program variables. 


Periodization is the strategic implementation of specific training phases. The training phases 
specifically use training variables like rest periods, training volume, and exercise selection 
to focus on adaptations like gaining strength, hypertrophy, or endurance. These phases are 
known as the preparatory, competitive, and transition phases of training and are based on an 


athlete’s season of sport or competition. 
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Periodization is divided into blocks based on the length of time for which they are implemented. 
A macrocycle includes a few mesocycles and many microcycles to further specify training 
intensity and adaptation goals. A macrocycle consists of three training phases and typically 
lasts a year. At the start of a macrocycle, a coach must outline the goals for training and the 
overall training timeline before putting together the specific programming variables they wish 


to manipulate during training (like volume, repetitions, sets, and tempo). 


A mesocycle, like the three training phases, is designed to begin to isolate the objectives and 
training content of a program. Mesocycles focus specifically on the athlete’s sport and can 
last between three weeks and several months. Each phase of training has specific training 


goals in mind. 


The preparatory phase of training is often the longest of the mesocycles, and the phase 
encompasses the time leading up to the competitive phase. It is typically broken into three 


parts based on the specificity of training. Each part lasts four to eight weeks: 


1. General training: moderate loads and a focus on continuous development 


2. Special training: aimed at achieving the athlete’s personal bests for strength 


and performance 


3. Specific training: training and movements strictly related to the athlete’s sport 


The preparatory phase progresses through strength training, hypertrophy training (when needed), 
and power training to boost the athlete’s general fitness and muscular endurance. This training is 


typically too high of an intensity to be done while the athlete is in season for their sport. 


The competitive phase of training occurs during the athlete’s specific sporting season and 
usually lasts for two to three months. When an athlete enters the competitive phase, training 
is kept sport specific and is primarily aimed at maintaining an optimal level of physical fitness 


throughout the season. 


The transition phase of training is a postseason regenerative time, typically lasting three to 
six weeks. During this phase, the coach should reduce training loads and intensity and help 


the athlete focus on general maintenance of their physical fitness levels. 


The smallest cycle is the microcycle, and it generally lasts a short time—for example, a single 
week. The microcycle is a critical time for developing technique, improving motor efficiency, 
and developing skills. At the start of each microcycle, a coach should determine the exact 


levels of intensity and the specific methods of training. 


MACROCYCLE: 


A long period of time (typically 
a year) spent completing the 
three phases of training; also 
known as mesocycles. 


MESOCYCLES: 


The three phases of training 
that isolate training objectives 
and content; together, they form 
a macrocycle. 


MICROCYCLES: 


The shortest cycles of training 
(for example, a week or 10 
days) during which the focus 
is motor efficiency, skill 
development, and technique. 


PREPARATORY PHASE: 


Develops the body’s 
adaptations, typically cycling 
through strength, hypertrophy, 
and power phases. 


COMPETITIVE PHASE: 


The training phase that 
encompasses those weeks 
and months when an athlete 
is actively competing in their 
sport. 


TRANSITION PHASE: 


The time between when a 
sport season ends and when 
the athlete again begins the 
preparatory phase. 
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CHAPTER 10 | PRINCIPLES OF PROGRAM DESIGN 


TRAINING REGRESSION: 


Systematically reducing the 
intensity, volume, or duration 


of training to promote 
physiological and psychological 
recovery. 


PROGRESSION 


Per the adaptation principle, the body requires physiological challenges to promote 
changes. Progression can come in the form of volume, intensity, variable rest periods, extra 
repetitions, extra sets, and an increase of weight. Coaches need to understand the potential 
drawbacks and benefits of progression training when creating training protocols. The 
benefits of progression are the desired adaptations in physical performance. The coach will 
observe increases in physiological markers like VO2 max, muscular hypertrophy, increased 


cardiovascular endurance, and increased muscular strength and endurance. 


The drawbacks can be more difficult to detect but can have a damaging effect on the athlete 
physically and psychologically. Overtraining—that is, training that taxes the body’s ability to 
recover after strenuous or prolonged exercise—can manifest in many ways. A coach is tasked 
with monitoring athletes for the signs and symptoms of this condition. Acute symptoms 
include an increased resting heart rate (by 5 to 10 beats per minute), increased resting blood 
pressure, slower heart rate recovery within a training session, excessive or prolonged muscle 
soreness, and decreased ability to use oxygen (lowered VO2 max ). Chronic symptoms 
can include reduced immune system function, delayed wound healing, and cessation of 


menstruation in female athletes. 


Theoretically, the greater the volume, intensity, frequency, and duration of training, the greater 
physiological response the body will have. To effectively recover, the athlete must restore 
muscle glycogen and phosphagen stores, reduce cortisol levels, and reduce accumulation of 
cellular protons immediately post-training. An inadequate diet may reduce the effectiveness 


of recovery during a post-training period. 


REGRESSION 


Should the symptoms of overtraining be observed, a coach can regress the training protocol. 
Training regression involves systematically stepping back training to lighten the load, 
duration, volume, or intensity of work to promote physical and psychological recovery. To 
determine when the appropriate amount and duration of training regression has passed, a 
coach can use bioindicators like resting blood pressure and resting heart rate to confirm that 
the athlete is physiologically ready to progress again. To understand the psychological state 
of an athlete, a coach must speak with them and get a better understanding of their levels of 


motivation and perceived physical recovery (tiredness, alertness, and focus). 
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Regression can also be applied to specific movements to prevent injury. Motor learning 
happens in a series of stages, starting with sensory input. As an athlete learns a skill, they 
must work to understand the key features, or geometry, of the task in its fundamental parts. 
Then, as they begin to understand the task and perform the skill, they must develop both 
anticipatory and predictive control of when to implement the skill (decision-making). However, 
if there is a lapse in any part of this process, the skill may not be learned fully or safely. A 
coach is in control of all phases of motor learning for an athlete. That means a coach can 
use training regression, pulling a client back to earlier stages of learning, to ensure the client 


gains full comprehension, which will help prevent injury. 


For example, a basketball player may be struggling with a layup, and the coach notices the 
athlete attempts the shot first by jumping from two feet. The coach can regress the skill, 
getting the athlete to go slowly and focus on proper footwork to ensure they are jumping from 
a single foot. It seems fundamental, but once the footwork is corrected and repeated enough 
to become an unconscious effort, the ball (implement) can be reintroduced, and the next 
step of the skill (ball handling) can be incorporated. This is especially important for coaches 


working with athletes who are self-taught or who may not have learned the fundamentals of a 


skill from previous trainers or coaches. 
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LEARNING OBJECTIVES 


1 | Differentiate between flexibility and mobility. 


2 | Understand the physiological aspects of flexibility. 


3 | Explain frequently used flexibility techniques and 


examples of each. 


4 | Differentiate between passive and active 
flexibility. 


5 | Differentiate between dynamic and static 


=- .-. epes i 


stretching. 


THALA 


CHAPTER 11 | FLEXIBILITY 


FLEXIBILITY: 


Range of motion in a joint or 
group of joints. 


LENGTH-TENSION 
RELATIONSHIP: 


Optimal sarcomere length 
within a muscle fiber 
maximizing force production. 


ADHESIONS: 


Fibrous bands of fascia (scar 
tissue) created between 
tissues as a result of injury, 
muscle stress, or overuse. 


RANGE OF MOTION 
(ROM): 


Full motion of a limb about a 
particular joint. 


MOBILITY: 


The range of motion within a 
particular joint. 


STRETCHING: 


A method for achieving 
flexibility. 


Flexibility is one of the major components of physical fitness. A successful strength and 
conditioning program design should incorporate flexibility training on a regular basis. The 
goal is to increase range of motion and maximize the muscular length-tension relationship 
for optimal muscle contractile strength. When muscle fibers are shortened as a result of 
adhesions, training recovery, or malalignment, the result can be postural or movement 


dysfunction, increased risk of injury, and chronic physical pain. 


The defining characteristics of flexibility include range of motion (ROM) in a joint or joints 
and a lack of pain while stretching. Flexibility and mobility are often used interchangeably 
to describe the total ROM of a joint. Flexibility incorporates all anatomical components of 
the musculoskeletal system, including both contractile and noncontractile tissues as well 
as specific parts of the nervous system. The mobility of a joint is focused only on the ROM 
within the joint. For example, anatomical abnormalities such as bone spurs, free-floating 
cartilage pieces, meniscal flaps, and contracture of the joint capsule all limit mobility of the 
joint without necessarily affecting the elasticity of the surrounding musculature. Therefore, 
joint ROM is decreased while the contractile tissue surrounding the joint may be elastic and 
flexible. A coach must be aware of this distinction as a practitioner who can measure and 
determine an athlete’s current and achievable flexibility and ROM with the goal of optimizing 


and maximizing both. 


Current understandings of flexibility are likely constrained by the most common methods of 
testing ROM, which are usually toward extreme static positions of joints and limbs. Flexibility 
tests like the sit-and-reach test, toe-touch test, 90/90 knee extension, and groin-flex test 
are used to establish the ROM of specific joints and their associated muscle groups. There 
are, however, many sports and fitness activities requiring only an optimal degree of ROM 
in a limited number of joints. Non-aesthetic sports may need enhanced ROM to achieve 
necessary joint and limb positions such as squats and cleans in weight lifting, certain 
swimming strokes, or certain wrestling holds. Flexibility is also important in force production 
through a larger ROM. For example, a flexibility-limited backswing or windup for a throw or a 


strike may impair the speed of the release or the force of the strike. 


FLEXIBILITY AND STRETCHING 


Flexibility and stretching are also different. Stretching is a method for achieving flexibility, and 
flexibility is the outcome of stretching. Stretching can increase flexibility, ROM, and muscle 


function, though these outcomes are temporary and based on the length of application. 


ISSA | Strength & Conditioning | 240 


Stretching attempts to increase a joint’s ROM, so the movement of the joint and associated 
STRETCH TOLERANCE: 


The ability to experience 
of stretch tolerance involves a person's ability to accept a modest amount of discomfort the physical sensations of 


limbs are not impeded by anatomical, neurological, or physiological constraints. The concept 


stretching and reduce the 
while stretching. Some discomfort at the end ROM can and will occur. However, it is important discomfort felt at the end 


range of motion. 


for trainers to understand the discomfort of stretching should not be so extreme as to 


invoke protective reflexes or cause injury to stretched tissues. Measuring flexibility in static 
stretched positions measures ROM and pain tolerance. For example, when conducting a 
sit-and-reach test, the practitioner must recognize motivated test subjects will experience 
pain as they attempt to increase their score. Athletes and dancers have injured themselves 
by overzealous stretching. Therefore, it is important for trainers to include a measure of 


discomfort when assessing stretching and flexibility. 


Research suggests a person’s perceived discomfort using a visual analogue scale is not 
directly correlated to the intensity of the stretching they are undergoing, but the discomfort 
scale is a valuable indicator for a coach to better understand what an athlete is feeling. If an 
athlete is experiencing pain with relatively small ranges of motion, a coach can identify areas 


in need of improvement. 


Figure 11.1 Visual Analogue Scale of Discomfort 


2  DISCONFORTING 


The individual can identify the 
visual equivalent of perceived 
experienced discomfort and 


@ cesraessmes associate a score for recording. 


5 VERY DISTRESSING 
6 INTENSE 


7 ~~ VERY INTENSE 


10 worst POSSIBLE pain 
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PASSIVE TENSION: 


Generated only by external 
forces. 


ACTIVE TENSION: 


Generated by internal force 
(muscle contraction). 


MYOTATIC STRETCH 
REFLEX: 


Muscle contraction in 
response to stretching within 
the muscle. 


While mild discomfort may help build stretch tolerance, high levels of pain are most likely 
detrimental. Coaches should understand pain is an indicator of potential injury. This can be, 
for example, a neurological doorbell—a sign of the potentially damaging consequences to 
the structural integrity of the tissue involved if stretched too far. Continued stretching after 
pain is perceived may lead to the structural units within the muscle to lengthen beyond 
the myofilament overlap, resulting in injury or suboptimal muscle contraction. As a result, 
coaches should instruct clients how to appropriately monitor stretch tolerance before any 


type of stretching routine. 


MUSCLE AND CONNECTIVE TISSUES 


Stretching primarily focuses on muscles, tendons, and the associated neural components. 
All layers of the muscle’s connective tissues are involved in stretching exercises. Structurally, 
the elastic properties of muscle create passive tension when stretching as a result of external 
forces, while the reflexive properties, muscle innervation, and elasticity of connective tissues 
create active tension from internal forces like contraction. Tendons connecting muscle to 
its associated bones at the origin and insertions are a crucial part of stretching outcomes. 
Extended stretching protocols of eight weeks or longer increase tendon extensibility and 


tolerance to force. 


In stretching for flexibility, elastic components combine their elasticities to prevent 
overstretching the muscle. Connective tissue requires lengthening if the whole muscle is to 
become structurally longer as a result of stretching. However, muscle and connective tissues 
are not the only consideration for stretching and flexibility. The neural components of muscle 


stretching and contraction play a large role in ROM control. 


NEURAL COMPONENTS OF FLEXIBILITY 


Most of the research on the mechanisms underlying flexibility has concentrated on structural 
components. Researchers can better understand neural components of muscle length 
regulation by sensory structures, like the muscle spindle and Golgi tendon organ as well as 


their responses to tension and changes in tension. 


The common myotatic stretch reflex is a result of the interaction of these muscle sensory 
organs and systems. A sudden stretch to the tendon of a muscle, usually performed by a 
physician with a reflex hammer, results in rapid deformation of the muscle spindle, which in 
turn results in a neural feedback loop from the stretched muscle. This causes the stretched 


muscle to contract and the antagonist, the non-stretched muscle, to relax. 
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Figure 11.2 Knee-Jerk Reflex 


The hammer applies force to 

the patellar tendon, causing a 
deformation of the muscle spindle 
and, as a result, a reflexive muscle 
contraction of the quadriceps. The 
contraction signals the efferent 
neuron to relax the opposite 
muscle—the hamstrings—in the 
process. 


FACTORS FOR IMPLEMENTING STRETCHING TO ENHANCE FLEXIBILITY 


Each individual will respond to stretching in a different way. There are several factors for a 


coach to consider when implementing a flexibility and stretching protocol. 


AGE 


With age, muscular atrophy and functional, metabolic, and structural changes occur to muscle 
fibers regardless of consistent activity levels over the life span. Sports demanding high levels 
of flexibility generally begin at an early age, and in most cases, performance peaks in late 
adolescence or early adulthood. Sports and artistic endeavors such as gymnastics, diving, 
dance, figure skating, martial arts, and other similar activities usually begin training their 
athletes at a young age and seek extensive flexibility in training and performance. Peak 
flexibility is a unique experience for everyone, and research does not support claims of 


puberty or sexual maturation significantly affecting flexibility. 


REQUIRED MOTIONS 


Flexibility is specific to the involved joint and motion. Therefore, a coach should specifically 
analyze the activities or motions for which the athlete is preparing. When an athlete undergoes 
a performance assessment, the assessment should include everything from metabolic state 


to strength needs and the fundamental motions involved or anticipated in the activity. 
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DYNAMIC STRETCHING: 


Active movements where 


joints and muscles go through 
a full range of motion. 


STATIC STRETCHING: 


Simple stretches in which 
the athlete moves into a 
selected end range of motion 
position, potentially with 
some discomfort, and then 
holds this position for 10-30 
seconds. 


DID YOU KNOW 


That muscle imbalances 

and dysfunction can alter 
movement patterns and are 
caused by a variety of factors? 
Poor posture, overuse, and 
injury can all contribute to 
muscle imbalance. In addition 
to strengthening underactive 
(weak or lengthened) muscles, 
stretching is an important 
component in combating 
overactive (tight or shortened) 
muscles. For athletes who are 
preparing for and participating 
in sports-related movement, 

a balance is required for 
optimal movement and injury 
prevention. 


Dynamic stretching is strongly recommended before sport or activity. Dynamic stretches 
are motions such as trunk twists, arm circles, leg swings, and bending and arching motions 
typically associated with the upcoming skills or sport. Examples include a baseball infielder 
performing lunges in all directions as if stretching to catch a ball outside their stance, a 
tennis player practicing the back-scratch position to simulate the pullback before a serve, 


and a weight lifter performing slow body weight squats before attempting a loaded squat. 


ENVIRONMENT 


In general, a warm environment is more conducive to stretching than a cold environment. 
Tendon (and ligament) elasticity can be increased up to 25 percent with the application 
of heat, and research has shown a warm-up designed to increase the heart rate, blood 
flow, and body temperature is highly effective in decreasing muscle viscosity and increasing 
the rate of nerve impulses. Therefore, stretching should be incorporated into a warm-up 
activity in the way of dynamic movement. Static stretching is best performed after activity 
to elongate muscle fibers and aid in recovery. However, static stretching and strengthening 
exercises should be separated to a potential decrease in power and strength output due to 
sliding filament malalignment. Stretching should be used to enhance flexibility and fluidity of 
motion. The ideal approach supported by research incorporates a dynamic warm-up before 


the workout or sporting event followed by a cooldown and static stretching routine. 


DURATION 


Research suggests the greatest appreciable change in ROM occurs with static stretching 
between 15 and 30 seconds, and most studies show between 10 and 30 seconds is 
adequate for increasing flexibility. Additionally, two to four sets of stretching exercises 
were found to provide the most benefit, while more than four sets of stretching showed no 
additional increase in flexibility. This contrasts with dynamic stretching durations, which are 
controlled by the timing and rhythm of the movements used for stretching or simulating a 
sport movement. When used as a warm-up, the general recommendation suggests no more 


than 15 minutes of dynamic warm-up to prevent muscle fatigue before activity or sport. 


APPLYING FLEXIBILITY TECHNIQUES 


A strength and conditioning professional must understand why flexibility and mobility are vital 


to an athlete’s success and how to apply each of the available flexibility techniques. 
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PASSIVE VERSUS ACTIVE FLEXIBILITY 


An increase in flexibility affects the two types of ROM needed for sport and functional 
movement. The first is active range of motion, the amount of motion in a joint achievable 
through muscular contraction and limited by muscle flexibility. The second is passive range of 
motion, the amount of motion a joint can achieve when force is applied by an outside source. 
Passive ROM relies on both musculature guarding and passive structures such as ligaments, 


tendons, and other connective tissue to restrict excessive movement. 


Passive ROM is always greater than active ROM in normal healthy joints. If an individual 
is at the end of active ROM and is forced into the passive range, they risk injury to the 
muscles attempting to limit the ROM and the ligaments surrounding the joint acting as a last 
protection. For this reason, it is vital for athletes to achieve at least full, recommended active 
ROM related to their sport-specific movements—if not slightly more. Increased ROM must 
be supported by the ability to isometrically and isotonically control these joint movements 
during training. Isotonic contractions maintain constant tension in a muscle as the length 
changes and are neither eccentric nor concentric. If strength is lacking in a newly acquired 
ROM, activity could overwhelm muscular control and force the joint into a passive ROM, 


risking catastrophic injury. 


Many stretching exercises designed to achieve a greater ROM begin with static passive 
stretching and progress to active stretching to coincide with the newly established ROM. As 
with peak flexibility, the optimal range of flexibility is unique to individuals, and the desired 
ideal ROM will vary by sport or activity. Gymnasts, divers, dancers, and figure skaters have 
high levels of passive and active flexibility through large ROMs, whereas a baseball pitcher, 
weight lifter, swimmer, or golfer typically will not achieve the same positions as those in more 
artistic sports, having no functional reason to do so. Athletes in artistic sports like dance 
and figure skating also spend considerable training effort to achieve active flexibility in end 
ROM positions. Other sports may simply rely on performing a target skill or set of skills over 
thousands of repetitions to achieve their optimal active ROM and muscular control. Overall, 
it is important for trainers to prepare passive stretching in conjunction with active stretching. 
The client should be strong enough to control joints and limbs in end range positions. If the 
client can achieve large ROMs but does not have the strength to control their limbs or joints 


in these positions, techniques become unstable, and injury is more likely. 


ACTIVE RANGE OF 
MOTION: 


Amount of motion in a joint 
achievable through muscular 
contraction and limited by 
muscle flexibility. 


PASSIVE RANGE OF 
MOTION: 


Amount of motion a joint can 
achieve when force is applied 
by an outside source 


ISOTONIC 


CONTRACTIONS: 


Contractions maintaining 
constant tension in a muscle 
as the length changes. 
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STATIC VERSUS DYNAMIC STRETCHING 


Static stretching is well studied and is the most common form of stretching. To perform a static 
stretch, the client moves into a selected end ROM position and then holds this position for 10- 
30 seconds. The client is learning stretch tolerance during the hold, which encourages them 
to use the slight sensation of discomfort to determine the actual end of ROM. If an athlete is 
reasonable in the choice of an end position, is not overstretching, and is staying within the 10- 


to 30-second duration range, static stretching is both safe and effective. 


Unlike static stretches, which aim to increase flexibility by overwhelming the elastic properties 
of muscle and its associated connective tissue, dynamic stretches are active movements 
performed as a warm-up to bring joints and their associated soft tissue through a full, active, 
and pain-free ROM while increasing their temperature and blood flow to ideal levels for activity. 
These are generally most effective when they functionally mimic the movements of the activity 
and involve motions moving through multiple anatomical planes. Dynamic stretches are more 
fluid, transitioning from one position to the next without holding for any predetermined length 
of time. Coaches implementing dynamic stretching should ensure proper form and control is 
maintained throughout each movement to prevent muscle strain, tears, or overextension. It is 


possible to gain increased ROM using momentum but typically only at the cost of body control. 


Table 11.1 Dynamic Exercises for Upper and Lower Body 


LOWER-BODY DYNAMIC WARM- UPPER-BODY DYNAMIC 


EXERCISES 


UP EXERCISES 


Horizontal adduction to abduction (horizontal arm 


High knees swings) 


Standing leg swings (flexion/extension and 
adduction/abduction) 


Butt kicks 


External rotation to internal rotation 


Arm circles, forward and backward 


Walking lunges with controlled torso rotation 


Dynamic thoracic flexion and extension 


Carioca steps 


Wrist circles 


Long-stride backward running 


Band, chest, or deltoid flys 


Standing alternating pigeon 


Cross-pattern arm retractions 


Lateral shuffle 


Thoracic lateral flexions with hands on head 


Walking knee hugs 
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Sample Routine, Upper-Body Dynamic Warm-Up 
+ 10 reps of horizontal adduction to abduction (horizontal arm swings) 
+ 10 reps of external rotation to internal rotation 
+ 10 reps of arm circles in each direction, forward and backward 
+ 20 rotations of wrist circles 
+ 10 reps each of band, deltoid, and chest flys 
+ 10 reps per side of thoracic lateral flexions with hands on head 
+ 10 reps of prone supermans 
- 10 reps per side of cross-pattern arm retractions 
Sample Routine, Lower-Body Dynamic Warm-Up 


+ 10 reps per side of standing leg swings (flexion/extension and adduction/ 


abduction) 
+ 10 reps of a body weight squat 
+ 10 reps per side of wide-stance angle-cross toe touches 
+ 10-20 yards (or meters) of each of the following: 
High knees 
Butt kicks 
Lateral shuffle 
Walking knee hugs 
Walking quad stretch (opposite arm in the air) 
Walking lunges with rotation 
Walking side-lunge groin stretch 
Walking alternating pigeon 


Lunge into hamstring stretch 
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PROPRIOCEPTIVE 
NEUROMUSCULAR 
FACILITATION 
(PNF) STRETCHING 
TECHNIQUE: 


An advanced form of flexibility 
training involving both 
stretching and contracting 

the targeted muscle group; 
effective for improving 
flexibility and increasing range 
of motion. 


PRE-CONTRACTION 
STRETCHING: 


Stretching requiring the 
contraction of a muscle or its 
antagonist before stretching. 


AUTOGENIC INHIBITION: 


Reduction of excitability of 
a muscle fiber caused by 
inhibition from the Golgi 
tendon organ. 


PROPRIOCEPTIVE NEUROMUSCULAR FACILITATION STRETCHING TECHNIQUE 


Proprioceptive neuromuscular facilitation (PNF) stretching technique is a type 
of pre-contraction stretching requiring the contraction of a muscle or its antagonist before 
stretching. Most PNF stretching techniques rely on the stretch reflex of the myotendinous 
unit by activating mechanoreceptors within the muscle called muscle spindle units and Golgi 


tendon organs. 


These groups of mechanoreceptors have opposing functions complementing each other 
during PNF stretching. Muscle spindles help regulate overall muscle length and tone by 
activating gamma motor neurons via the stretch reflex. During muscular stretch, gamma 
motor neurons control muscle tone and prevent overstretching and injury. In contrast, muscle 
stretch or contraction (muscle spindle activation) causes Golgi tendon organs to inhibit 
muscular contraction through autogenic inhibition. The PNF stretching technique relies on 
each of these two types of mechanoreceptors working together to both activate and inhibit. 
The initial isometric contraction stimulates muscle spindle fibers, which in turn activate Golgi 
tendon organs, causing the muscle to relax and allow for a deeper stretch. It is important for 
trainers to understand that in static stretching, the response of muscle spindles plays a vital 


role in determining the initial intensity of the static stretching routine. 


The isometric contraction (hold) phase of these stretches typically lasts about 10 seconds 
and ideally at 100 percent maximal contraction. However, this maximal contraction will 
cause discomfort and may contribute to injury. Therefore, submaximal contraction of 40-90 
percent has been found to be safe and effective. Research suggests PNF stretching is best 
performed after activity or independently of exercise and improves muscular strength and 


athletic performance post-recovery when done consistently. 


The three techniques commonly used for PNF stretching are hold relax (HR), contract relax 
(CR), and contract relax agonist contract. Facilitated stretching is typically done with an 
athletic trainer or physical therapist. Coaches and trainers must remain within their scope of 
practice and limit facilitated work by using appropriate verbal cues and instruction of proper 


stretches and limitations. 
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Hold Relax 


This type of PNF stretching is performed using a stretching band. 
1. The extremity should be passively moved to a non-painful end ROM. 
2. The client should hold at the end of range for 10 seconds. 
3. This sequence can be repeated up to four repetitions. 


For example, the hamstring is brought to full flexion and the end of range with the assistance 
of a stretching band. The stretch is held for up to 10 seconds before relaxing the leg and 


before the next repetition. 


Figure 11.3 Hold Relax Stretch of the Hamstrings 


7 


This stretch is performed with a 
resistance band. 


Contract Relax 
This PNF stretch technique differs from the HR because CR requires the muscle to be 
stretched and is concentrically contracted (shortened) before it is stretched. This technique 


taps into autogenic inhibition. 


1. The extremity should be passively moved to a non-painful end ROM and held 


for up to 10 seconds. 


2. The client should concentrically contract the targeted muscle as far as 


possible for about 10 seconds. 


3. Following the contraction, the client should passively stretch the muscle 


back into its full end ROM using the stretching strap for 10 seconds. 


4. The sequence can be repeated up to four times. 
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SELF-MYOFASCIAL 
RELEASE (SMR): 


Flexibility technique focusing 


on the fascial and neural 
systems to relieve irritated 
bands of fascia and muscle 
tissue. 


For example, with the hamstring again, the leg is brought into full flexion, and then the 
hamstring is concentrically contracted, bringing the leg back to the floor with the hamstring 
pointedly engaged. At the end of the ROM, the hamstring is relaxed. Immediately following 
relaxation, the hamstring is passively stretched back into hip flexion farther than the starting, 
full flexion point by the stretching band as a result of the inhibition from the Golgi tendon 


organ, which prevents excessive tension in the muscle fiber. 


Contract Relax Agonist Contract 
This type of PNF stretching is performed individually with a stretching band or with minimal 


intervention from a coach. 
1. The extremity should be passively moved to a non-painful end ROM. 


2. The client should isometrically contract the targeted muscle against resistance 
(the band or the coach holds the extremity in place) for 10 seconds. They will 
try to move the leg, but the amount of external resistance should be equal to 


the internal force created by the targeted muscle for this stretch to be effective. 


3. The individual will then relax the targeted muscle, allowing it to stretch beyond 
the original end ROM with the assistance of the stretching strap. 


4. The sequence can be repeated up to four times. 


When completed on the hamstrings, the leg is brought into full hip flexion. The resistance from 
either the stretching band or a third party increases as the stretcher attempts to press against 
them. The force created by the muscle must be equal to the resistance applied externally to 
create an isometric contraction (the extremity will be unmoving, despite the force applied). After 
a maximum of 10 seconds, the target muscle is relaxed and can be stretched again beyond 


the previous end ROM. 


SELF-MYOFASCIAL RELEASE 


Self-myofascial release (SMR) is an effective and safe flexibility technique allowing individuals 
to perform myofascial release using their body weight and minimal tools. A firm implement like a 
lacrosse ball, foam roller, or massage bar is applied externally to areas of palpable adhesions or 
muscle tightness. These tools can vary in density, external structure, and temperature, and some 
even use vibration. SMR uses autonomic inhibition much like PNF stretching. However, unlike PNF, 
SMR can be used before and after activity. Research suggests myofascial release relieves muscle 
adhesions and tightness but has little to no effect on muscle functioning after application. Before 
activity and, specifically, before dynamic stretching or a warm-up, SMR improves the tissue’s 


ability to lengthen during dynamic movement, thus improving the effectiveness of the warm-up. 
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SMR works by reducing intramuscular and connective tissue adhesions and altering tissue 
stiffness to improve ROM and joint mobility. The pressure of the SMR tool on the localized 
area of an adhesion will cause the Golgi tendon organ to deactivate the muscle spindle and 
allow the muscle fibers to loosen and realign. The pressure of body weight applied with or 
on an SMR implement is dependent on the pressure used by the individual. The optimal 
length of time to hold the tool on the area of focus is 30-90 seconds. Initially, discomfort 
at the target area will be severe, and if desired, the pressure can be reduced. However, to 
optimally elicit autogenic inhibition, maximum tolerable pressure should be used. Slow, deep, 
deliberate breathing during SMR application is also effective in circulating oxygen to muscle 


tissue and aiding in the relaxation of the autonomic nervous system. 


Technique 

In this chapter a foam roller will be detailed as the SMR tool of choice. However, for smaller 
muscle groups or more challenging body regions, other tools may be used. When beginning SMR 
application, the tool is placed in the area of application and slowly moved until a tender or sore 
spot is found. The sensation of discomfort will generally indicate the pressure is on the adhesion. 
The pressure is applied for the recommended 30-90 seconds, until the sensation of pain or 
discomfort is relieved by approximately 50 percent (this is a subjective measure and is based 
on the client’s perceived scale of discomfort). With relief, the implement can be moved along the 
fascia or muscle in the same direction of the fibers until another adhesion is located. SMR is an 


uncomfortable and time-consuming flexibility technique, but there are many benefits for the client. 


Exercises 
TENSOR FASCIAE LATAE AND ILIOTIBIAL (IT)BAND 


The client should lie with the foam roller on the lateral aspect of their thigh, approximately 
halfway between the hip and the knee. The opposite leg can be stacked or set to the side to 


assist their arms with the rolling movement. 


Figure 11.4 SMR of the Tensor Fasciae Latae and IT Band 
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THORACIC SPINE 


Starting with the foam roller at approximately the eighth thoracic vertebrae, the client should 
use their legs to create the rolling movement. It is important for trainers to advise them to 
extend their head and neck over the foam roller to achieve full motion and decrease strain 
on the neck. The foam roller should not be used on the lumbar spine due to the excessive 
pressure placed directly on the vertebrae. In the thoracic region, the musculature of the 


upper back and scapulae protect the vertebrae from damage during SMR 


Figure 11.5 SMR of the Thoracic Spine 


GLUTEUS GROUP 


The client should sit in the figure-four position with the foam roller perpendicular to the 
gluteus group. The foot on the floor is used to create movement back and forth, and further 


pressure can be applied by leaning toward the side with the elevated leg. 


Figure 11.6 SMR of the Glutes and Piriformis 
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HAMSTRINGS 


The client should sit with one or both hamstrings perpendicular to the foam roller and then 


use their arms to create the rolling movement. 


Figure 11.7 SMR of the Hamstring 


CALVES 


Sitting with one or both calves perpendicular to the foam roller, the client should use their 
arms to create the rolling movement. Plantarflexion and dorsiflexion of the foot will offer 


additional exposure of and pressure on adhesions in the calves. 


Figure 11.8 SMR of the Calves 
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LATISSIMUS DORSI AND TRICEPS 

The client should lie with the foam roller on the lateral and posterior aspects of their rib cage 
with their arm extended over their head. The client can use their legs to create the rolling 
movement over the area, which extends from the inferior edge of the scapula through the 


posterior arm. 


Figure 11.9 SMR of the Latissimus Dorsi and the Triceps 


PECTORALIS GROUP 

In the prone position with the foam roller perpendicular to the pectoralis group and arm bent 
between 90 and 120 degrees, the client should use their legs and opposite arm to create 
the rolling movement. This release can also be performed with a lacrosse ball in the prone 


position or by standing against a wall. 


Figure 11.10 SMR of the Pectoralis Group 
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QUADRICEPS GROUP 

In the prone position with one or both quadriceps perpendicular to the foam roller, the client 
can use their arms to create the rolling movement. One leg can be brought to a figure-four 
position with the foam roller remaining perpendicular to the thigh to reach the adductor 


complex. 


Figure 11.11 SMR of the Quadriceps and Adductor Complex 
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STRETCHING EXERCISES 
Static positions for stretching form the basis of many more advanced positions. A stable 
ROM should be achieved first via static stretching and then be followed by moving to and 


from the end range position, slowly at first to avoid injury. 


UPPER TRAPEZIUS STRETCH 


Positioning: The client can either sit or stand and then keep the lumbar spine 
in a neutral position without forward flexion. They will begin by laterally flexing 
the head into full active ROM to one side. For some this may already be a 


satisfactory stretch. 


Action: The client should place a hand on the side of their head and add gentle 


pressure until the desired stretch is achieved. 


Key points: The client should sit up straight with the cervical spine in a neutral 
position. There is a tendency to slouch by bringing the cervical spine and thoracic 


spine into flexion. This decreases the overall stretch on the upper trapezius. 


Figure 11.12 Upper Trapezius Stretch 
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LEVATOR SCAPULAE STRETCH 


Positioning: While sitting or standing, the client should maintain the lumbar 
spine in a neutral position without forward flexion. They can perform cervical 
flexion and ipsilateral rotation to the opposite shoulder. For some this may 


already be a satisfactory stretch. 


Action: The client can place a hand on the side of their head and add gentle 


pressure until the desired stretch is achieved. 


Key points: The client should sit up straight. There is a tendency to bring the 
thoracic spine into flexion. This decreases the overall stretch on the levator 


scapulae. 


TRICEPS STRETCH 


Positioning: While sitting or standing, the client should maintain the lumbar 
spine in neutral position without excessive extension. They should bring their 


elbow parallel to their ear and fully flex the elbow. 


Action: The client should actively attempt to reach down their back while giving 
extra assistance with the contralateral hand. While they are in this position, it is 


recommended they envision actively pushing forward with their armpit. 


Key points: This stretch should not cause pinching in the shoulder. If it does, the 
client should change the angle of the elbow and repeat until a stretch without 


impingement is achieved. 


Figure 11.13 Triceps Stretch 
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PECTORALIS MAJOR/MINOR STRETCH 


Positioning pectoralis major: Using a doorway or end of a wall, the client should 
bring one arm to a 90/90 position (90 degrees shoulder abduction with 90 
degrees elbow flexion). They should take a large step through the doorway with 


the ipsilateral leg. 


Positioning pectoralis minor: All positioning of this stretch is identical to the 
pectoralis major except the client’s arm will be positioned at 120/90 (120 


degrees shoulder abduction with 90 degrees elbow flexion). 


Action: The client will turn their torso approximately 45 degrees to the 


contralateral side. 


Key points: This stretch should not cause pinching in the shoulder. If it does, 
the client should change the angle of the elbow on the doorway and repeat until 


a stretch without impingement is achieved. 


POSTERIOR GLENOHUMERAL STRETCH 
Positioning: While standing or sitting, the client should maintain the lumbar 
spine in a neutral position while bringing one arm across their body into horizontal 


adduction. They should hold this position using the contralateral arm. 


Action: The client should continue to push into horizontal adduction using the 


contralateral arm. 


Key points: Actively retracting shoulder blades can help increase the stretch. This 
stretch should not cause pinching in the shoulder. If it does, the client should change 


the angle of the elbow and repeat until a stretch without impingement is achieved. 


Figure 11.14 Posterior Glenohumeral Stretch 
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HAMSTRINGS STRETCH 


Positioning: The client should maintain their lumbar spine in neutral position without 


excessive flexion while placing one leg on a chair-height object or out in front of the body. 


Action: While the client maintains the lumbar spine in a neutral position, they 


should forward flex at the hips while pushing their buttocks backward. 


Key points: The height of the object used for stretching is dependent on the 
client’s flexibility. Less flexible clients will need lower heights. Keeping the 
lumbar spine straight throughout the entire maneuver increases the tension of 


the hamstring throughout the stretch. 


Figure 11.15 Hamstring Stretch 


QUADRICEPS STRETCH 


Positioning: The client should maintain their lumbar spine in neutral position without 
excessive extension and bring their knees into alignment in both the coronal and 
horizontal planes. They should flex one knee far enough to reach their ankle or foot 


with the ipsilateral hand. Excessive flexion to the buttocks is not needed. 


Action: Once they are in position, they should squeeze the gluteus muscles. This 


will cause the hip to extend and potentiate the stretch on the quadriceps. 


Key points: Proper positioning of the knee and appropriate gluteus contraction 


will decrease the amount of knee flexion needed to achieve an optimal stretch. 
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Figure 11.16 Quadriceps Stretch 


HIP FLEXOR STRETCH 


Positioning: The client should take a large step forward into a lunge position, 
ensuring their knee does not go past the toe. The back leg should be perfectly 
straight with the foot in line with the knee. Keeping the lumbar spine neutral 
without excessive extension, the client should sit down into the stretch by 


bending their front knee while keeping the back leg straight. 


Action: Once they have achieved the correct position, the client should squeeze 


their gluteus muscles to extend the hip to potentiate the stretch. 


Key points: The heel of the back foot does not need to stay in contact with the 
ground. The hip flexors are relatively short muscles with a short lever arm, and 
therefore, leaning forward instead of sitting into the position will decrease the 


efficacy of the stretch. 


Figure 11.17 Hip Flexor Stretch 
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GASTROCNEMIUS/SOLEUS STRETCH 


Positioning: This stretch can be performed using either an angle board or a stair 
or step. If using an angle board, the client should keep their leg straight with 
their heel on the ground and foot dorsiflexed. They can push forward with the rear 


leg to increase dorsiflexion of the calf. 


Action: To stretch the gastrocnemius, the client can lean forward while keeping 
their knee straight. To stretch the soles, they can flex their knee while leaning 
forward. If using a stair, the client should lower their heel below the level of the 
step by dropping their full body weight onto the side that is stretched. From this 
position, to stretch the soleus, they should bend the knee on the side that is 


stretched. 


Key points: For the soleus stretch on a stair, it may be necessary for the client 


to sit into the stretch once the knee is bent. 


Figure 11.18 Calf Stretch 
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GLUTEUS STRETCH (SITTING PIGEON STRETCH) 


Positioning: While seated, the client should cross one leg over the other into the 


figure-four position. 


Action: Using the ipsilateral hand or elbow, they should push down on the knee 


while leaning to the contralateral side. 


Key points: This should not cause pain in the knee. If it does, the client should 


decrease the force pushing down on the knee. 


Figure 11.19 Sitting Pigeon Stretch 


SHORT ADDUCTORS STRETCH (BUTTERFLY STRETCH) 


Positioning: The client should put the soles of their feet together while 


maintaining the lumbar spine in neutral position without excessive flexion. 


Action: The client will actively attempt to lower both knees toward the floor, or 


they can use their elbows to passively push knees in the same direction. 


Key points: The client should sit up straight. There is a tendency to bring the 


thoracic spine into flexion, decreasing the efficacy of the stretch. 


Figure 11.20 Butterfly Stretch 
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LONG ADDUCTORS STRETCH (LATERAL LUNGE STRETCH) 


Positioning: The client should stand with their feet greater than shoulder-width apart. 


They should bend one knee into a side lunge while keeping the other leg straight. 


Action: They should continue to lunge deeper into the stretch while contracting 


the ipsilateral gluteus. 


Key points: The ideal form is to keep the foot on the side of the shift flat on the 
floor, but the client may rise to the ball of the foot. This is acceptable as long as 


the knee does not push forward, causing pain or discomfort in the knee. 


Figure 11.21 Lateral Lunge Stretch 


ABDOMINAL STRETCH (COBRA STRETCH) 


Positioning: The client should lie prone with the palms of their hands on the floor 


beneath their chest. 


Action: The client should push up into a lumbar extension and contract their 
buttocks at the top of the movement. They can remain on the elbows or press 


up to the palms. 


Key points: This stretch should not cause pain in the lower back. If pain is 


present, the client should decrease their level of lumbar extension. 


Figure 11.22 Cobra Stretch 
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CHAPTER 12 


PLYOMETRIC 
EXERCISES 


LEARNING OBJECTIVES 


1 | Define plyometrics and its phases. 


2 | Describe neuromuscular enhancements resulting 


from plyometric exercises. 


3 | Apply training variables to plyometric movements. 
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KINETIC ENERGY: 


The work needed to accelerate 


a mass from a state of rest to 
a state of velocity. 


POTENTIAL ENERGY: 


The energy within an object 


created by its relative position 
to other objects. 


The input of kinetic energy occurs 
as the bike travels up the hill, and 

it achieves its maximum potential 
energy atop the hill. This potential 
energy is released quickly as kinetic 
energy down the other side of the 
hill. 


Plyometrics, also known as jump training, are exercises exerting maximum force in a short 
time and are aimed at increasing muscular power. This is accomplished with the stretch- 
shortening cycle (SSC) of muscle contraction, where a muscle is loaded eccentrically and 
then unloaded through a rapid, forceful concentric contraction, resulting in high levels of force 
generated quickly. As a performance-enhancing tool, plyometrics are implemented in sports 
performance training with coaches and certified professionals and can often be found in 


rehabilitation programming with physical therapists and orthopedic specialists. 


PHASES OF PLYOMETRIC EXERCISES 


The SSC of muscle contraction driving plyometric exercises has three phases of contractions 
working to turn kinetic energy into potential energy and output. The phases include a loading 
eccentric phase, a transitional amortization phase, and an unloading concentric phase. It 
is important for certified professionals to know that understanding these phases means 
understanding the concepts of kinetic energy and potential energy. Kinetic energy is the 
energy an object has due to its motion and is defined in physics as the work needed to 
accelerate a mass from a state of rest to a state of velocity. Potential energy is the energy 
within an object created by its position relative to other objects or internal forces. For example, 
a spring has kinetic energy when it is being compressed, potential energy when it is at its 


most compressed point, and kinetic energy when it is released. 


Figure 12.1 Kinetic Energy and Potential Energy. 


Energy IN Energy OUT 
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ECCENTRIC PHASE 


The first stage of plyometric movement, the eccentric phase, is sometimes referred to as the 


ECCENTRIC PHASE: 


The loading phase where the 
with the noncontractile tissues within the muscle, creating a neurophysiological-biomechanical muscle spindle is stretched and 
potential energy is built. 


loading, preparatory, or countermovement phase. The muscle spindles are stretched along 


response to enhance the pending concentric muscle contraction. The stretch turns the input 
of kinetic energy of movement into potential energy, which is dictated by the magnitude of the 
stretch, the rate of the stretch, and the duration of the stretch. This means a slower eccentric 


phase will result in less potential energy than a faster eccentric phase. 


AMORTIZATION PHASE 


The second phase, the amortization phase, is the brief time between the eccentric phase 


AMORTIZATION PHASE: 
and concentric muscle action. In this short time, the transition occurs from absorbing force The brief time between the 
eccentric phase and concentric 
contraction where potential 
energy is at its highest. 


to generating force and acceleration in the direction of the plyometric movement. This phase 


is crucial for the efficient use of the potential energy generated in the eccentric phase. A 
longer amortization phase will result in the loss of potential energy in the form of heat and 
reduced kinetic output in muscle contraction. The coach’s goal is to minimize this phase 


during plyometrics and thus increase the power of the next phase. 


CONCENTRIC PHASE 


The third phase, the concentric phase, is known as the unloading, shortening, or power- 


production performance phase. This phase occurs immediately after the amortization phase [RUTHIE N 


A A : os ; The unloading phase immediatel 
and involves concentric muscle contraction and a release of kinetic energy. This phase also Sp y 


after amortization where concentric 
muscle contraction occurs. 


importantly enhances the summation and reuse of the potential energy and muscle stretch of 
the consecutive eccentric phase. This explains why plyometrics are done in succession and 


the height or power produced increases with each consecutive repetition. 


PLYOMETRICS FOR PERFORMANCE ENHANCEMENT 


The goals of plyometric training are to improve the reaction time of the concentric, eccentric, 
and isometric muscle actions and to increase the speed with which a muscle exerts maximal 
force. However, the speed of muscular exertion is limited by neuromuscular efficiency and 
coordination. The nervous system can only recruit muscle fibers at the speed at which the 
nervous system has been trained to allow. Therefore, it is important for the nervous system 


to be trained to work within varying speeds of the demands of an athlete’s particular sport. 
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MUSCLE SPINDLES AND GOLGI TENDON ORGANS 

The certified professional should recall from the muscular system the purpose of the muscle 
spindles and Golgi tendon organs. The muscle spindles detect the changes in length of 
a muscle fiber and signal through afferent neurons to the spinal cord and the brain. The 
strength of that signal depends on the intensity and rate of muscle lengthening. The Golgi 
tendon organ is in the musculotendinous junction and prevents excessive muscle stretch or 
tension through inhibitory mechanisms. Both play an important role in regulating the forces 


absorbed and exerted in plyometric exercise and SSC. 


Plyometric exercise encourages fast eccentric loading, which strengthens the muscle spindles 
and leads to greater concentric force production. This type of training has also been shown to 
desensitize the Golgi tendon organs in trained muscles to affect the threshold at which they 
inhibit muscular tension changes. The resulting adaptation is greater force production when 


higher resistance is applied to the body. 


NEUROMUSCULAR EFFICIENCY 


Plyometrics have been found to increase neuromuscular efficiency and control of the agonists, 
antagonist, and synergist muscle groups involved. Training protocols involving plyometric 
exercises or incorporating them between sport-specific drills result in a more reflexive central 


nervous response and increased speed of muscle contraction. 


A coach must understand that plyometrics are not only used for jump training but also as a 
mechanism for injury recovery and prevention. The positive adaptations found in athletes with 
plyometric exercises are helpful with dynamic stability and overall body control. Therefore, 


with a foundation of proper strength, plyometric training can benefit athletes of any sport. 


PROGRESSION OF PLYOMETRIC EXERCISES 


There are many training variables for a coach to consider with plyometric exercise. A coach 
must take the following variables into consideration when programming plyometrics into a 


training session or cycle: 
+ Range of motion: Exaggerated movement patterns require a substantial range of motion. 


+ Neuromuscular overload: Quick changes of direction (whether the whole body or 


a single extremity) encourage neuromuscular overload. 


-+ Tempo: A coach should keep the amortization period as short as possible. 
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+ Intensity: In addition to the overall intensity of plyometrics, a coach must account 
for variations in intensity, such as the difference between a two-leg box jump and 


a single-leg box jump. 


+ Surface: Any surface on which plyometrics are performed should be solid and 


applicable to the athlete’s sport. 


+ Volume: A coach should limit the number of repetitions and sets completed ina 


training session. 


+ Frequency: Likewise, a coach should track the number of plyometric training 


exercises within a session or sessions of a training cycle. 


+ Recovery: Plyometrics require longer rest times between sets and 48-72 hours 


between training sessions. 


+ Specificity: Plyometric exercises should be specific to the athlete’s sport and training 


goals to challenge the proper motions, angular velocities, and metabolic demands. 


The progression of plyometric exercises also includes the magnitude of the movements. This 
means a coach can provide an athlete with plyometric exercises that progress from stable 
to unstable, body weight to loaded, simple to complex, and easy to hard to ensure proper 


development of movement patterns and neuromuscular adaptations. 


Figure 12.2 Progression of Plyometric Exercises. 


A safe and effective progression 
will move from a simple plyometric 
exercise, typically in a single 
plane, to a multiplanar, directional 
plyometric movement. 


Box 
Jump 


Squat 
Jump 


Explosive 
Push-Up 


Speed 


Complexity 
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UPPER-BODY PLYOMETRIC EXERCISES 

PLYOMETRIC PUSH-UP 

From the high plank position, the athlete should move their hands just outside shoulder width 
at chest height, with external rotation in the elbows. The athlete can then lower into a push- 
up until the elbows reach just above a 90-degree angle and immediately begin concentric 
contraction. As fast as possible, the athlete should contract the pectoral muscles and extend 


at the elbows, with their hands leaving the ground as their elbows reach full extension. 


Modification: An athlete can perform the plyometric push-up from an elevated position with 


their hands above their feet. 


Progression: An athlete can perform the plyometric push-up with their feet elevated above their 


hands or with their hands elevated and a greater depth of elbow flexion in the eccentric phase. 


Figure 12.3 Plyometric Push-Up. 


BALL SLAM 


From a standing or kneeling position with a neutral spine and glutes engaged, the athlete 
should lift a medicine ball or slam ball overhead while not overextending the lumbar spine. 
The athlete can immediately engage the abdominals and latissimus dorsi (lats), hinge from 
the hips, and actively throw the ball to the floor directly in front of their feet (or their knees if 
kneeling). This allows their arms to continue their path of motion after the load is released. 
Their torso will come forward, and their hips will shift back. Then the athlete should hinge at the 


hips into a squat with a neutral spine to pick the ball back up and return to the starting position. 
Modification: The athlete can perform the ball slam with a lighter weighted ball. 


Progression: The athlete can perform a unilateral (single-arm) ball slam or increase the 
weight of the ball. Moving into the transverse plane, the ball can be thrown laterally with a 


windmill release. 
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Figure 12.4 Standing Bilateral Ball Slam. 


OVERHEAD THROWS 


This exercise can start with the athlete standing two to three feet from and facing a solid 
wall. Their stance is neutral with their feet just outside of their hips for stability. A split 
stance is also acceptable. The athlete can take a weighted ball overhead and move into 
the loaded position, which is slightly posterior to the middle of the top of the head with the 
lats and abdominals engaged. Immediately, the athlete should throw the ball forward to the 
wall, keeping their hands high. The ball should rebound back into their hands overhead. It is 


important the repetitions be completed consecutively. 


Modification: The athlete can complete the overhead throw from a kneeling position for more 


stability or with a lighter weight. The distance to the wall can be decreased as well. 


Progression: The athlete can complete the overhead throw unilaterally or bilaterally with a 


rotation to the target or increase the distance to the wall. 
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CHEST PASS 


Standing approximately four to five feet in front of a wall with a neutral or staggered stance, 
the athlete should hold a medicine ball at chest height. The shoulders should remain down 
with the core engaged. With both hands on the ball, the athlete should load the ball as close 
to their chest as possible. The athlete should then immediately contract through the pectoral 
muscles and extend at the elbows to explosively throw the ball straight forward to the wall. 
The ball should rebound back into the extended hands. The athlete should immediately load 
to the chest and complete the subsequent repetition. 

Modification: The athlete can complete the chest pass from a seated or kneeling position or 
decrease the distance to the wall. 

Progression: The athlete can complete the chest pass unilaterally with rotation. The ball will 
be loaded and caught bilaterally and then unilaterally released. The distance from the wall 


can be increased as well. 


Figure 12.5 Standing Bilateral Chest Pass. 


SIDE TOSSES 


For this exercise, the athlete should be positioned sideways next to a wall about two feet 
away. Holding a medicine ball at chest height with the elbows bent, the athlete should 
load by rotating through the torso in the direction away from the wall. The athlete can then 
immediately rotate the torso toward the wall, releasing the ball to chest height. The ball 
should return to the hands. The athlete can immediately load in the opposite direction and 
complete the next consecutive repetition. 

Modification: The athlete can complete the side tosses with a lighter weight or decrease the 


distance to the wall. 
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Progression: The athlete can complete the side tosses from a kneeling position with the forward 
leg positioned closest to the wall and with the glutes engaged. The athlete should avoid hinging 


at the hips from a kneeling position. The distance to the wall can also be increased. 


LOWER-BODY PLYOMETRIC EXERCISES 
JUMP SQUAT 


From a neutral standing position with the feet just outside the hips, the athlete should hinge back 
and swing extended arms back to load. The athlete can immediately swing the arms forward and 
jump straight up. Upon landing, the feet should end up in the same location they started. The 


athlete should immediately load with a hip hinge to begin subsequent repetitions. 


Modification: The athlete can complete the jump squat by concentrically contracting to the 


toes for a calf raise instead of leaving the floor. 


Progression: The athlete can complete the jump squat unilaterally from one foot. 


Figure 12.6 Jump Squat. 


SWITCH JUMPS 


From a neutral starting position with the feet just outside the hips, the athlete should hinge 
from the hips and swing the arms back. Then the athlete should immediately jump straight 
up while rotating the body 180 degrees to the left or right. After landing softly, the athlete 
should immediately hinge back and jump, rotating 180 degrees back to the starting plane. It 


is important for the athlete to complete this exercise in both directions. 


Modification: The athlete can complete the switch jump repetitions to one side before 


switching the direction of rotation. 
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Progression: The athlete can complete the switch jump by alternating rotational directions 
in each repetition or complete the jumps unilaterally. When completing the repetitions 


unilaterally, the coach should ensure the body is rotated and there is no torque on the knee. 


PLYO SKIP 


This exercise should begin with the feet hip-width apart. The athlete should drive one knee 
forward and up while swinging the opposite arm overhead. The knee drive should propel the 
opposite foot up and off the ground with the goal of gaining as much elevation as possible 
with each jump. The athlete should land softly midfoot and switch legs and arms, keeping the 


switching time as short as possible and the repetitions consecutive. 


Modification: The athlete can complete the plyo skip repetitions on one side of the body 


before switching sides. 


Progression: The athlete can complete the power skip with the leading foot elevated on a 
box. Known as a plyometric step up, this can be completed on one side of the body before 


switching or performing in an alternating manner. 


BOX JUMP 


This exercise is performed by standing with feet just outside of hip width, about 6-12 inches 
away from a solid box. The height of the box will vary based on the athlete, but the typical 
starting point is 12 inches. The athlete should load by hinging back and swinging the arms 
back as with a jump squat. After immediately jumping up and tucking the knees forward and 
up, the athlete can then bring their feet to the top of the box. The athlete can complete the 
movement by standing all the way up to neutral. Stepping back down to the floor, the athlete 


can proceed with subsequent repetitions. 
Modification: The athlete can complete the box jump with a shorter box. 


Progression: The athlete can complete the box jump with a higher step. The repetitions can 
be sped up by having the athlete jump backward off the box and immediately load for the next 
repetitions. This is called a repeat box jump. The box jump can also be completed laterally or 


with 180-degree rotation (like the switch jump) in the transverse plane. 
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Figure 12.7 Box Jump. 


DEPTH JUMP 


The height of the box will vary, but the athlete begins by standing atop the box. Stepping off 
the box with one foot, land on both feet and immediately brace the abdominals, hinge back 
and bend the knees into a squat while loading the arms in shoulder extension. Immediately 
after reaching the bottom of the squat, explode upward, extending the legs and jumping 


straight up. The key is to land in the same spot on the floor where the jump was initiated from. 
Modification: The athlete can use a lower box to complete the depth jump. 


Progression: Increase the box height up to 30 inches for an elite athlete. 
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Figure 12.8 Depth Jump. 


ALTERNATING LUNGE JUMP 


Starting from a straddled lunge position with both legs extended, the athlete can load by 
bending the back knee toward the floor. Once the front knee reaches 90 degrees, the athlete 
should immediately extend both legs and jump straight up, switching the legs (forward leg to 
the back, and back leg forward) while in the air. Landing softly, the athlete should immediately 
bend the back knee again and complete the repetition on the opposite leg. The arms will 


swing opposite the legs as with the plyo skips. 


Modification: The athlete can complete the alternating lunge jump on one side of the body 


before switching legs. 


Progression: The athlete can complete alternating lunge jumps with the front foot elevated 


to increase the depth of the lunge. 


BROAD JUMP 


Setting the feet shoulder width, the athlete should hinge back and swing the arms back to 
load, bending at the knees. The athlete should immediately extend the legs and drive the 
arms forward, propelling the body forward. The athlete’s feet will leave the ground, and flexion 
through the hips will bring their feet forward to lead. Landing with both feet on the ground, 
the athlete can immediately load into the next repetition with the goal of jumping as far as 


possible with each jump. 
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Modification: The athlete can complete the broad jump by aiming for less distance and more 


elevation with each jump. 


Progression: The athlete can complete the broad jump unilaterally, aiming for either height 
or distance (or both) with each jump. When completing the repetitions unilaterally, they can 
be done on one side of the body before switching or be performed in an alternating manner. 


When alternating, this is referred to as forward bounding. 


Figure 12.9 Broad Jump 


HURDLES 


Hurdle jumps can be completed with hurdles of various heights. Standing with feet just 


outside the hips, the athlete can load by hinging back and swinging the arms back. The 
athlete should immediately extend the legs and swing the arms forward. Hip flexion will bring 
the knees up and forward, and the body will move forward as the hurdle is cleared. Landing 
softly midfoot, the athlete should immediately load and begin the next repetition, minimizing 


ground contact between jumps. 


Modification: The athlete can complete hurdle jumps using a line on the floor instead of an 


elevated hurdle. 


Progression: The athlete can complete hurdle jumps unilaterally or raise the height of the hurdles. 
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LEARNING OBJECTIVES 


1 | Describe the structure and function of the core in 


the human body. 


2 | Review the functional anatomy of the core 


musculature. 


3 | Explore functional core exercises for the 


performance enhancement of athletes. 


CHAPTER 13 | CORE EXERCISES 


CORE: 


The midsection or trunk of 
the body and its associated 
musculature working to 
stabilize the body. 


LUMBOPELVIC-HIP 
COMPLEX (LPHC): 


The anatomical name for the 
29 muscles of the core. 


LOCAL STABILIZERS: 


The core muscles attached 
directly to the vertebrae, 
maintaining stability and 
controlling movement. 


GLOBAL STABILIZERS: 


The more superficial core 
muscles producing force and 
torque for movement. 


Core training is an important aspect of strength and conditioning for performance 
enhancement, stability and balance, and injury prevention and is frequently used in 


programming for all levels of athletes. 


ANATOMY AND FUNCTION OF THE CORE 


Also known as the lumbopelvic-hip complex (LPHC) in health, fitness, and athletics, the core 
is the full three-dimensional space of the trunk from the hip girdle and pelvic floor superior, 
diaphragm inferior, abdominals and obliques to the anterior and lateral, and spinal support 
muscles and glutes to the posterior. Within this space, the 29 muscles of the core serve to 
stabilize the trunk and spine and support dynamic stability for static and dynamic biomechanics. 


The unique muscle shapes in the core allow them to function much like a corset. 


CORE MUSCULATURE 


The musculature of the core is divided into local stabilizers and global stabilizers based on 
their general size and location within the core. Local stabilizers are the muscles of the core 
that attach directly to the vertebrae and function eccentrically to maintain static stability and 
control movement. These include the diaphragm, multifidus, pelvic floor, internal obliques, 


transverse abdominus, erector spinae muscles, and the fascia surrounding these muscles. 


Global stabilizers are the more superficial muscles connecting the trunk and extremities 
from the pelvis to the spine. These muscles function concentrically and can produce high 
levels of torque and power for movement. Research has further divided global stabilizers into 
two categories: stabilizers and mobilizers. The global stabilizers are the spinalis, adductor 
complex, psoas major, quadratus lumborum, gluteus medius, and internal and external 
obliques, and they eccentrically generate force and control movement through a range of 
motion (ROM). The global mobilizers are identified as the rectus abdominus, iliocostalis, and 


piriformis, and they contract concentrically to generate torque and produce ROM. 


CORE ASSESSMENT 


The core musculature is nearly always working to stabilize the body, whether at rest or during 
movement. Physical therapists and orthopedic specialists use three widely accepted tests of 
muscular endurance to test core endurance over strength: side bridge, flexor endurance test, 
and extensor endurance test. These assessments are used in accordance with research 
suggesting muscular endurance of the core musculature is more important for core stability 


than strength. In the same fashion and within the scope of practice, coaches and trainers 
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often assess the plank and variations of the plank to determine core muscular endurance. 
Balance assessments are also used to dynamically assess an athlete’s core control. However, 
for a coach to obtain a truly clear view of the athlete’s functional stability, they must monitor 


core control during sport-specific functional movements (unilateral, bilateral, and multiplanar). 


CORE PROGRESSIONS 


While assessments provide valuable information on the athlete’s current abilities, the coach 
should follow a progression to effectively strengthen muscles of the LPHC and prevent risk of 
injury during sport. The progression is similar to training cycles and each aspect of training: 


simple to complex, stable to less stable, and slow to fast. 


The first step in core progression focuses on muscle recruitment and neuromuscular control. 


Local stabilizers of the LPHC are recruited before the global stabilizers. Therefore, it is crucial 


ABDOMINAL 
HOLLOWING: 


to improve the neuromuscular control of local stabilizers with movements such as abdominal 


hollowing and abdominal bracing. Abdominal hollowing, also known as the drawing-in 


Drawing the navel toward 
the spine to activate the 
transverse abdominus. 


maneuver, draws the navel in toward the spine and activates the transverse abdominus. 
Abdominal bracing, on the other hand, uses the diaphragm and the pelvic floor muscles as a 
guide to gently activate the entire LPHC simultaneously. Bracing effectively reduces the space ABDOMINAL BRACING: 
within the LPHC and supports the spinal column. Lack of control of these two functions can be Gently activating all the 


muscles of the LPHC 
a large contributing factor to lower-back pain in both athletes and in the general population. simultaneously. 


The next step in core progression is to stabilize and use exercises improving muscular 
strength, endurance, and neuromuscular control. Exercises like the bird dog and side plank 
are often used for stabilization and core stability. In this stage these movements focus on 


isometric contractions. 


The next step in core progression is dynamic stability. In this step the foundational strength 
and endurance have been built, and the exercises can move from isometric contractions to 
limb movement to increase muscular recruitment and better translate to functional athletic 
activities. Transitioning from one side plank to the other or adding a half foam roll or stability 
ball to the plank to decrease the inherent stability and challenge the LPHC can add intensity. 


At this point, a coach can also implement jump training and plyometrics into a training cycle. 
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Figure 13.1 Progression of Core Exercises 


CORE EXERCISES IN THE FRONTAL PLANE 


Many exercises in the frontal plane have an element of sagittal movement. 


SIDE PLANK 


The athlete should prop their body on the forearm with the elbow directly under the shoulder and 
the hand on the floor (relaxed). The legs are fully extended, and the feet are stacked. The athlete 
can elevate the hips off the floor so the body is in a straight line. While squeezing the glutes and 
bracing the core, the athlete should hold the side plank for time or progress and dip the hip to 


the floor and return to a straight spine and elevated hip for the desired number of repetitions. 


Figure 13.2 Side Plank 


SIDE PLANK LEG LIFT 


The athlete should prop the body on the forearm with the elbow directly under the shoulder 


and the hand on the floor (relaxed). The legs are fully extended, and the feet are stacked. 
While lifting the hips off the floor until the body is in a straight line, the athlete should 
squeeze the glutes and brace the core. The athlete can abduct the top hip by raising the leg. 
Avoiding lateral flexion of the spine, the athlete should complete the desired repetitions of 


abduction and adduction or hold for time before switching sides. 
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Figure 13.3 Side Plank Leg Lift 


STANDING LAND MINE TWIST 


This exercise is largely in the frontal plane with the lateral movement, but the load held to the 


front of the body involves sagittal plane actions. The athlete should stand with the feet just 
outside the shoulders, arms straight just above the head, and fingers interlocked around the 
end of the barbell land mine. Bracing the abdominals and squeezing the glutes, the athlete 
can slowly lower straight arms down to one side while maintaining a neutral spine. The 
athlete should avoid lumbar rotation; all rotation will be in the thoracic spine. The athlete can 


return to the starting position and switch sides of the body. 


CORE EXERCISES IN THE SAGITTAL PLANE 
PLANK 


While keeping the elbows directly below the shoulders and with a neutral spine, the athlete 


should squeeze the glutes and brace the abdominals. 


Figure 13.4 Plank 


SINGLE-LEG PLANK 


Beginning in the position of a traditional plank, the athlete should squeeze the glutes and 


brace the abdominals. The athlete can lift one leg by engaging the same side glute while 
avoiding trunk rotation or lumbar extension. The leg can be held up for a set time or alternated 


to challenge the core. 
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Figure 13.5 Single-Leg Plank 


HIGH PLANK 


From a push-up position with hands directly below the shoulders, the athlete should squeeze 


the glutes and brace the abdominals. 


Figure 13.6 High Plank 


BACK EXTENSION 


The athlete should lie prone on an exercise ball with the belly button at the apex to center, 


feet extended just outside the hips, and arms extended overhead. Starting with the torso as 
far forward as possible, the athlete can squeeze the glutes and brace the abdominals, then 
elevate the torso and extended arms until the spine is neutral. It is important for the athlete 
to avoid spinal hyperextension. The athlete can either hold for time or slowly return to the 


starting position to complete the desired number of repetitions. 
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SUPERMAN 


The athlete should lie prone on the floor with legs extended and arms extended at the sides 
of the body. Bracing the abdominals and squeezing the glutes, the athlete should lift both the 
chest and legs off the floor as high as possible while maintaining a neutral spine. The athlete 
can either hold for time or hold for two to five seconds before returning to the starting position 


to complete the desired number of repetitions. 


Figure 13.7 Superman 


HIP BRIDGE 


The athlete should lie supine on the floor with knees bent and feet close to the glutes at hip 
width. Drawing in the abdominals and squeezing the glutes, the athlete can elevate the hips, 
pressing through the midfoot. The athlete can hold for time or return to the starting position 


and complete the desired number of repetitions. 


Figure 13.8 Hip Bridge 


SWISS BALL ROLLOUT 


Beginning with knees on the ground and elbows on the exercise ball, the athlete should 


brace the abdominals, squeeze the glutes, and shift forward as far as possible, rolling the 
ball forward and extending the elbows. The athlete should return to the starting position ina 


controlled tempo. 
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Figure 13.9 Swiss Ball Rollout 


STANDING ROLLOUT 


With suspension straps placed 18-24 inches from the ground, feet on the ground, and hands 
in the straps, the athlete can begin in a high plank position. Bracing the abdominals and 
squeezing the glutes, the athlete should shift their body forward as far as possible and extend 
the arms. Keeping the shoulders depressed, the athlete should return to the starting position 


in a controlled tempo. 


Figure 13.10 Standing Rollout 


DEAD BUG 


The athlete should lie supine with an exercise ball in the middle of the torso (on the body or 
elevated), held between the hands and knees (flexed to 90 degrees). Bracing the abdominals, the 
athlete should extend one arm overhead and extend the opposite leg simultaneously. The athlete 


can then return to the starting position and switch arms and legs. 
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Figure 13.11 Dead Bug 


MOUNTAIN CLIMBER 


Beginning in the high plank position, the athlete should squeeze the glutes and brace the 


abdominals. Then the athlete can bend one knee, bringing the knee as close to the same 
side elbow as possible, and avoid elevating the hips. The athlete can return to the starting 
position and switch legs. The tempo of the mountain climber can be varied to progress the 


exercise. 


Figure 13.12 Mountain Climber 


LYING LEG RAISE 

The athlete should lie supine with legs extended. Drawing in the core and squeezing the 
glutes, the athlete should keep the legs extended, elevating the legs to between 60 and 90 
degrees. A lower angle is more challenging. The athlete can then lower the legs back to the 


starting position. 


ISSA | Strength & Conditioning | 287 


CHAPTER 13 | CORE EXERCISES 


Figure 13.13 Lying Leg Raise 


© ~~ 

=~ 

« 
me a 


SIT-UP 


The athlete should lie supine with knees bent at 90 degrees and arms crossed at the chest. 


Drawing in the abdominals, the athlete should drive the heels into the floor and sit up, 


keeping a neutral spine. Then the athlete can return to the starting position. 


Figure 13.14 Sit-Up 


ee 
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BIRD DOG 


From all fours, the athlete should place their hands directly below the shoulders and the knees 
directly below the hips. Maintaining a neutral spine, the athlete can draw in the abdominals, 
squeeze the glutes, and extend one arm forward no higher than the ears and extend the 
opposite leg until the foot is at hip height. It is important for athletes to avoid hyperextension 
through the spine. The athlete can either hold for time or return to the starting position to 


complete the desired number of repetitions. 
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Figure 13.15 Bird Dog 
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CORE EXERCISES IN THE TRANSVERSE PLANE 
SIDE PLANK WITH ROTATION 


The athlete should prop their body on one hand with the palm directly under the shoulder. In 
this exercise, the legs are fully extended, the feet are staggered, and the top elbow is flexed 
to place the hand behind the head. The athlete should elevate the hips off the floor until the 
body is in a straight line. While squeezing the glutes and bracing the core, the athlete should 
then rotate the top elbow down toward the floor while keeping the hips in place. The rotation 
occurs in the thoracic spine. After returning to the starting position, the athlete can complete 


the desired repetitions before switching sides. 


HALF-KNEELING CABLE CHOP 

Using a cable pulley or anchored band elevated over the shoulder, the athlete can start in a 
half-kneeling position. The forward leg will be on the side of the body with the moving arm. 
The arm begins in horizontal abduction and is elevated just above the head. While keeping 
the torso from rotating, the athlete should brace the abdominals, squeeze the glutes, and 
pull the cable down and in front of the body, finishing at chest height with the arm parallel to 
the floor on the same side of the body. The athlete should return to the starting position with 


a controlled tempo. This exercise can be completed from a standing or tall kneeling position. 


ATOMIC MOUNTAIN CLIMBER 

This exercise begins in the high plank position. Squeezing the glutes and bracing the 
abdominals, the athlete should bend one knee, bringing the knee as close to the opposite 
side elbow as possible. While avoiding hip elevation, the athlete can allow the torso to rotate. 
Then the athlete can return to the starting position and switch legs. The tempo of the atomic 


mountain climber can be varied to progress the exercise. 
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RUSSIAN TWIST 

From a seated position with knees bent at 90 degrees, the athlete can lean the torso back 
up to 45 degrees with a neutral spine and arms crossed at the chest. In a controlled tempo, 
the athlete should rotate the torso as far as possible to one side, avoiding movement in the 


lower body. Then the athlete can return to the starting position and switch sides. 


Figure 13.16 Russian Twist 


MULTIPLANAR CORE EXERCISES 

STIR THE POT 

This exercise begins in a traditional plank position with elbows on the exercise ball and feet 
shoulder width on the floor. While bracing the abdominals and squeezing the glutes, the athlete 
can begin a circular movement of the elbows with the largest arc possible but without moving 


the torso. The desired number of repetitions can be completed clockwise and counterclockwise. 


Figure 13.17 Stir the Pot 
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MODIFIED SIDE PLANK WITH HIP EXTERNAL ROTATION 


The athlete can prop their body on the forearm with the elbow directly under the shoulder, the 
hand on the floor (relaxed), the knees bent at 90 degrees, and the hip rested on the floor. With 
the hip elevated as high as possible, the athlete can then externally rotate and abduct the top 
hip, keeping the knee at 90 degrees. The athlete should then return to the starting position. 


The external rotation and abduction can be held for a set time or completed as repetitions. 


Figure 13.18 Modified Side Plank with Hip External Rotation 


SIDE PLANK WITH KNEE DRIVE 


This exercise begins with the athlete’s body propped on the forearm with the elbow directly 
under the shoulder and hand flat on the floor (relaxed). The legs are fully extended, and the 
feet are stacked. The athlete should lift the hips off the floor until the body is in a straight 
line. While squeezing the glutes and bracing the core, the athlete can bring the knee forward 
with hip flexion and a slight abduction until the knee is at 90 degrees. It is important for the 
athlete to avoid lateral flexion of the spine. The desired repetitions can be completed, or the 


athlete can hold for time before switching sides. 
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CHAPTER 14 


LEARNING OBJECTIVES 


1 | Understand the musculature engaged 


in lower-body exercises. 


2 | Explore the methods of loading and modifying 


lower-body movements. 


3 | Apply foundational lower body exercises 


to athlete programs. 


CHAPTER 14 | LOWER-BODY EXERCISES 


Lower-body exercises are movements focusing on the muscles of the legs and glutes as 


prime movers. Multijoint exercises for the lower body include the core and upper back 
MULTIJOINT EXERCISES: 


Movements involving more than 
one muscle and more than one Multijoint movements are referred to as compound movements involving more than one 
joint. 


within the range of motion, making them more applicable to the demands of sport and life. 


muscle group and more than one joint, like a squat or a dead lift. Single-joint exercises 


isolate a single prime mover around a single joint, like a seated leg extension. 


COMPOUND MOVEMENTS: 


Multijoint exercises. 


LOWER-BODY ANATOMY 


SINGLE-JOINT EXERCISES: The muscles of the lower body include those of the upper leg, lower leg, and gluteals. The 


Movements involving a single hips and lumbopelvic-hip complex (LPHC) are the foundation of the human body’s lower half, 
muscle and a single joint. 


stabilizing the lower extremities. The bowl shape of the pelvis transfers weight to the femurs 


of the upper legs. 


Figure 14.1 Anterior View of the Lower-Body Musculature. 


ISSA | Strength & Conditioning | 294 


Figure 14.2 Posterior View of the Lower-Body Musculature. 


The musculature of the lower body can be divided into three groups: muscles controlling the 


hips, muscles controlling the knee, and muscles controlling the ankle and foot. 


HIPS 


Movements of the hips include abduction, adduction, flexion, and extension. The muscles 
controlling the hips control the distortions caused by locomotion, creating diagonal tension 
through the body. There are two ways these distortions can occur, changing the balance of the 
LPHC. First, when someone takes a step, one foot is firmly planted while the other foot is free 
to move between the ilium of the pelvis and the femur. Second, both feet can be firmly planted 


as the foundation of the body, allowing the hips to move in relation to the femur. 


From the hips, the major dysfunctions a coach can observe are anterior and posterior pelvic 


tilt, lateral hip shift, and lateral weight shift. 
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Table 14.1 Muscles of the Hip. 


KNEE 


Tensor fascia latae 


MUSCLES CONTROLLING THE HIPS 


Obterator internus 


lliacus Quadratus femoris 
Psoas Gemelli 
Piriformis Pectineus 


Biceps femoris 


Adductor complex 
(brevis, longus, 
magnus) 


Semitendinosus 


Semimembranosus 


Gluteus medius 


Gluteus maximus 


The knee is the largest and most complex joint in the body. The primary movement of the 
knee is through flexion and extension, although some lateral movement occurs. Research 
has shown shock absorption occurring at the knee joint is among the highest of any joint 
in the body, but it is limited by the strength of the surrounding bones—the femur, tibia, and 


fibula. Athletes with stronger bones can handle higher impact on the knees. 


The major dysfunctions a coach can observe at the knees are varus and valgus. 


Table 14.2 Muscles of the Knee. 


MUSCLES CONTROLLING THE KNEE 
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Biceps femoris 


Rectus femoris 


Semitendinosus 


Vastus medialis 


Semimembranosus 


Popliteus 


Vastus lateralis 


Gastrocnemius 


ANKLE AND FOOT 


The ankles support the body’s weight and transfer the load to the feet while absorbing the 
force of impact from the feet. There are many small bones in the foot for articulation, and 
there are three main bones in the ankle—the tibia, fibula, and talus. Many of the lower 
leg’s muscles have insertions in the foot, making it an important set of joints for muscle 


contraction and ideal movement patterns. 


The major dysfunctions a coach can observe at the foot and ankle include ankle inversion and 


eversion and fallen or high arches in the foot. 


Table 14.3 Muscles of the Ankle. 


MUSCLES CONTROLLING THE ANKLE 


Soleus Gastrocnemius Peroneus (longus, brevis) 


LOWER-BODY MOVEMENT 


Movement of the lower body happens in all three anatomical planes, and loading can occur 


UNILATERAL: 


on one or both sides of the body. Lower-body exercises can be completed as unilateral or ; i 
Using one limb. 


bilateral, meaning one limb or two. An example of a unilateral exercise is a single-leg dead 


lift, while a traditional dead lift is a bilateral movement. BILATERAL: 


Using two limbs. 


Figure 14.3 Unilateral (right) and Bilateral (left) 
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CONTRALATERAL LOADING: 


Loading opposite of the forward 
leg. 


BILATERAL LOADING: 


Loading on both sides of the 
body. 


IN THE ANATOMICAL PLANES 


Movements in the frontal plane are actions requiring lateral movement. This often means 
abduction and adduction of the lower extremities, like a lateral lunge or hip extension. 
Movements in the sagittal plane are actions moving superior and inferior or anterior and 
posterior, like a reverse lunge and a squat. Movements in the transverse plane are actions 
requiring rotation. There are a few lower-body exercises in the transverse plane alone, and 
most are transverse and sagittal or transverse and frontal. Multiplanar movements are a 


combination of two or more planes of movement, like a forward lunge with rotation. 


LOADING 


There are many ways to load a lower-body exercise. Barbells are commonly used for bigger 
compound exercises like the squat and dead lift. Barbells are applicable for both unilateral 
and bilateral lower-body movements. However, dumbbells and kettlebells are good substitutes 
to challenge balance, stability, and the prime mover for exercise in all planes of movement. 
With dumbbells and kettlebells, the load can be carried on one side of the body or both. 
Contralateral loading is when the load is held on the opposite side of the forward leg in a 
unilateral movement, like a lunge. Bilateral loading requires load in both hands, regardless 
of which side of the body is working. A coach can use contralateral loading to challenge an 


athlete’s balance and encourage greater muscle activation. 


Figure 14.4 Contralateral and Bilateral Loading. 


Contralateral (left) and bilateral (right). 
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Anterior loading with dumbbells and kettlebells can aid the athlete in keeping the torso 
upright and abdominal bracing during the range of movement. Sample holds with one or two 


weights include a goblet hold, unilateral front racked, bilateral front racked, and a plate hold. 


Figure 14.5 Lower-Body Loading Positions. 


Unilateral front racked, goblet hold, bilateral front racked. 


TECHNIQUE 


The technique used with lower-body exercises is important because many of the compound 
movements require core bracing and extend into the upper back. Preparation for a lower-body 


exercise starts from the floor up. 


SETTING THE FEET 


This technique requires more than simply standing with the feet hip-width or shoulder-width apart. 
To effectively activate the glutes and posterior chain during lower-body exercises, the feet must be 
set and grounded at midfoot. Keeping the midfoot in contact with the floor aids the lifter in driving 


the knees out over the ankles by activating the glutes and the lateral muscles of the upper leg. 


CORE BRACING AND DRAWING IN 


As with core exercises, core bracing effectively activates the core musculature of the LPHC 
to support the spine and hips. Drawing in is a similar maneuver involving actively pulling the 
abdominals in toward the spine to activate the transverse abdominus. Both bracing and drawing 
in are crucial parts of lower-body movements as the core plays a large part in specifically 
standing or compound movements. For example, research on the angles of trunk flexion during 
a squat suggests core strength and the ability to brace affect the angles of flexion allowed with 
proper form through the erector spinae. The degree of trunk flexion in a squat also determines 
the prime movers activated. The smaller flexion (0-15 degrees) activates the quadriceps, while 


the larger flexion (30 degrees) activates the hamstrings and glutes. 
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HIP HINGE 


A hip hinge is a movement using the posterior chain—the backside of the body—to drive 
hip flexion and extension with a posterior weight shift. It differs from a dead lift exercise 
because the hip hinge is the foundation of such movements. The musculature involved in the 
movement pattern includes the hamstrings and glutes, erector spinae, rhomboids to aid in a 
neutral spine, and core muscles for bracing the upper body. Proper execution of a hip hinge 
is key to building the strength for an athlete to strength train efficiently and progress to power 


and plyometric training. 


To complete a hip hinge, the athlete should begin standing with a barbell or dowel gripped at 
shoulder width, feet at hip width, and knees stacked over the ankles. To anchor, a coach can 
cue the athlete to screw the feet into the floor. Pressing through the midfoot, the right foot 
is turned clockwise, and the left foot is turned counterclockwise without moving the foot on 
the floor. The athlete should screw the feet into the floor and drive the knees out only as far 
as necessary to maintain proper alignment of the hips, knees, and second toe. This is an 


important intricacy, engaging the glutes from start to finish. 


With the shoulder blades down and a neutral head and thoracic spine, the athlete can engage 
the core muscles to brace and bend from the hip joint to push the glutes posteriorly. While 
maintaining a slight bend in the knees, the athlete’s goal is to keep the shins as vertical 
as possible. The athlete can continue until a stretch is felt in the hamstrings, ensuring the 


lumbar spine remains neutral and supported by the core muscles. 


While squeezing the glutes, the athlete can begin hip extension until the neutral starting 
position is achieved to complete the hip hinge pattern. The urge to hyperextend the hips 


forward should be resisted, simply squeezing the glutes instead. 
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LOWER-BODY EXERCISES 
IN THE FRONTAL PLANE 


In the frontal plane, lower-body exercises can be completed with both feet planted or on one 
foot to challenge balance and stability. This is referred to as “to balance”—for example, a 
lateral lunge to balance. The finish position has the athlete flex through the hip and knee and 


end with the leg at a 90-degree angle in front of the body. 


Lateral Lunge 

From a standing position with feet straight, the athlete should take a large step in one 
direction, just outside shoulder width. Next, the athlete can brace the abdominals and hinge 
back. With the leg taking the initial step, the athlete should bend the knee to drop the hips 
down and back, keeping the bent knee stacked over the ankle and hip flexion at a maximum 
of 30 degrees. The lagging leg remains straight. While squeezing the glutes and pressing 


through the midfoot, the athlete can return to a standing position. 


Variations of the lateral lunge include placing one foot in a suspension trainer to challenge 


the unilateral stability of the athlete or simply elevating one foot on a stationary surface. 


Figure 14.6 Lateral Lunge. 


Lateral Step-Up 
For any version of a step-up, the box height will vary based on the strength and stability of 
the athlete. Typical box heights range from 6 to 12 inches or higher. The more advanced the 


athlete, the higher the box can be within the limitations of the individual's height. 


Standing sideways next to a box, the leg closest to the box can be lifted and the foot planted 
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atop the box, keeping the weight in the midfoot. While bracing the abdominals, hinging back, 
and engaging the glutes, the athlete should press through the midfoot of the elevated leg to 
come to a full standing position atop the box. Then the athlete can step back down to the 


starting position. 


Figure 14.7 Lateral Step-Up. 


IN THE SAGITTAL PLANE 


Most exercises are in the sagittal plane, and they can be completed bilaterally or unilaterally. 
The movements in this plane of motion build foundational strength for movements in the 
frontal and transverse planes as well as multiplanar exercises and movement, making them 


important for athletes of any sport. 


Like exercises in the frontal plane, these exercises can be finished with a knee raise as a 
progression to challenge the balance and stability of an athlete. The knee drive is a functional 
movement a coach can use after the proper foundational strength is built, specifically for 


athletes who sprint, run, or change direction rapidly. 


Body-Weight Squat 

The feet should be set just outside the hips. While keeping a neutral spine and bracing the 
abdominals, the athlete should hinge back and bend the knees to drop the hips while driving 
the knees out. Squeezing the glutes, the athlete can drive the hips forward and press through 


the midfoot to return to the starting position. 
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Figure 14.8 Body-Weight Squat. 


A variation of a body-weight squat for athletes who lack balance or need to focus on proper 


ranges of trunk flexion introduces suspension straps for balance and support. 


Goblet Squat 

The feet should be set at shoulder width while holding the weight of choice at chest height. 
While bracing the abdominals, the athlete should hinge back and bend the knees to drop the 
hips until the elbows touch the medial part of the knees, ideally maintaining a neutral spine. 
The knees should be pressed out, and the glutes should be engaged through the entire range 
of motion. The athlete should squeeze the glutes and press through the midfoot to return to 


the starting position. 


Figure 14.9 Goblet Squat. 
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Barbell Squat 

The feet should be set just outside hip width with the barbell grasped at shoulder width. 
While bracing the abdominals, the athlete should hinge back and keep the arms extended 
and relaxed. Then the athlete should bend the knees and push the hips back, maintaining 
as close to a vertical shin angle as possible. The barbell may not touch the floor. While 
squeezing the glutes and driving the knees out into the forearms, the athlete can press 


through the midfoot to return to the starting position. 


Variations of the barbell squat can be done with two dumbbells or kettlebells, one on each 
side or one of each. Loading with only one weight on one side of the body challenges the 
core to prevent lateral flexion of the spine. Loading with two weights instead of a barbell is an 
option a coach can use for an athlete who lacks the mobility to keep the barbell off the shins 


or maintain ideal hip flexion (excessive forward lean) while front loaded. 


Barbell Back Squat 
The actual foot placement for a neutral squat (foot angle and width) will vary based on the height 


of the athlete, the length of their lower limbs, and their mobility through the trunk and hips. 


The feet should be set just outside the hips. The barbell is loaded over the upper traps 
(rather than on the shoulders) with an overhand grip (palms forward). Keeping a neutral spine 
and bracing the abdominals, the athlete should hinge back and bend the knees to drop the 
hips while driving the knees out over the ankles. While squeezing the glutes, the athlete can 


press through the midfoot to return to the starting position. 


Figure 14.10 Barbell Back Squat. 
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Front Squat 

The feet should be set just outside the hips. The barbell is loaded over the anterior deltoid with a 
cross-armed hold or elbows forward and hands at shoulder width. While keeping a neutral spine 
and bracing the abdominals, the athlete should hinge back and bend the knees to drop the hips 
while driving the knees out over the ankles. While squeezing the glutes, the athlete can drive the 


hips forward and press through the midfoot to return to the starting position. 


Figure 14.11 Barbell Front Squat. 


Variations of the front squat include a front rack grip, where the barbell is held with an 
overhand grip with elbows forward, and a carry grip, where the weight is held in the elbows. 
These options are ideal for athletes lacking shoulder mobility, Keeping the arms parallel to 
the floor in the cross grip, or who are unable to maintain a neutral spine or an ideal degree 


of hip flexion during the squat. 
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Figure 14.12 Front Squat with Sandbag. 


A coach may load an athlete with a band as a warmup for a loaded front squat or as a step 


toward mastering the form of the exercise before adding load. 


Barbell Sumo Squat 

The sumo position requires a wider foot width and a slight foot angle to guide the knees. The 
feet should be set outside the shoulders and the barbell gripped at shoulder width. While 
bracing the abdominals, the athlete should hinge back and bend the knees to drop the hips. 
The next step in this exercise is to engage the glutes and continue to press the knees out over 
the ankles. The barbell should be kept off the floor. While squeezing the glutes and driving the 


hips forward, the athlete can press through the midfoot to return to the starting position. 


Figure 14.13 Barbell Sumo Squat. 
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A variation of the barbell sumo squat changes the load to a kettlebell or dumbbell. The hold 
can be with extended arms or a goblet hold, but the exercise is executed in the same manner. 
The barbell exercise can be loaded much heavier than with a kettlebell or dumbbell, so a 
coach may choose this variation for athletes who are unable to maintain the proper hip flexion 


or neutral spine to teach and strengthen the movement pattern. 


Split Squat 
The split squat requires a step forward in the sagittal plane and then remaining stationary 


through the range of motion. 


Starting in a split stance with the feet at hip width and weight evenly distributed in both 
feet, the athlete should bend the back knee toward the floor, ensuring the front knee 
remains stacked over the ankle. Some hip flexion is expected, and a neutral spine should 
be maintained. The athlete can press through the midfoot of the front foot and squeeze the 


glutes to return to the starting position. 


Figure 14.14 Split Squat. 


A variation of the split squat involves elevation of the back foot known as a Spassov squat. 
Elevation of the back foot further challenges the quadriceps of the front leg as well as the 


flexibility of the hip flexors of the elevated leg. 
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Figure 14.15 Suspension Split Squat. 


Dead Lift 
The dead lift is widely considered a foundational exercise for athletes of all sports. It is 


essentially a full body exercise focusing on the legs. 


The athlete should stand with their feet at hip width and the barbell gripped overhand at 
shoulder width. While bracing the abdominals, the athlete should hinge back and bend the 
knees while driving them out over the ankles to engage the glutes. Unlike a squat, the hips do 
not drop during a dead lift but continue to hinge, so the glutes remain above the knees. The 
barbell plates will touch the floor but should not bounce. While squeezing the glutes and driving 


the hips forward, the athlete can press through the midfoot to return to the starting position. 


Figure 14.16 Barbell Deadlift. 
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Typically, the barbell will reach the floor on a dead lift. For athletes lacking the mobility to 
hinge far enough to place the barbell on the floor in a controlled manner, a coach can elevate 


the barbell by placing it on plates. 


Figure 14.17 Kettlebell Dead Lift. 
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Single-Leg Squat 

A single-leg squat starts from a seated position with one foot planted and one foot elevated 
high enough to keep the heel off the ground and the weight loaded at the chest (goblet hold). 
The stationary foot should be directly under the knee. While bracing the abdominals, the 
athlete should shift the weight to the midfoot of the stationary leg and press through the foot 
to come to a standing position, avoiding weight shift and hip tilting within the range of motion. 
From the standing position, the athlete should continue to brace the abdominals, hinge back, 


and bend the knee until the glutes reach the box while keeping the heel elevated. 


Figure 14.18 Suspension single-leg squat 


J 
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If balance is an issue, the heel can be gently placed on the floor as a kickstand while the 


athlete continues to press through the midfoot of the stationary foot. 


For those lacking the balance or core strength to maintain a neutral spine, ideal hip 
flexion, or neutral pelvis, the exercise can be completed with the assistance of suspension 


straps for balance. 


Single-Leg Dead Lift 

A progression of the bilateral dead lift is the single-leg dead lift. Typically performed 
contralaterally loaded, this exercise challenges balance, stability, and strength after the 
foundational strength is built. The goal is to keep the hips and chest square to the floor 


through the range of motion. 


The weight should be held in one hand, and the opposite foot will be firmly planted with weight in 
the midfoot. Keeping a neutral spine and a straight line from the head to the heel of the moving 
leg, the athlete should brace the abdominals and hinge. The body will move as one unit, like a 
teeter-totter. Rotation through the hips should be avoided. While squeezing the glutes to elevate 
the leg in motion, the leg should be kept level with the back. The weight will finish at midshin. 


Then the athlete can drive the hips forward and return to the starting position. 


Figure 14.19 Single-Leg Dead Lift. 
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Hip Extension 

From a quadruped position with a band over the ball of both feet, body weight should be 
shifted and supported on one side of the body. Keeping the hips and chest square to the floor, 
the athlete should brace the abdominals and squeeze the glutes while extending the opposite 
leg back and up to hip height. Hyperextension of the lumbar spine should be avoided. The 


athlete can then bend the knee and return to the starting position. 


The prone hip extension is a variation of the quadruped hip extension, taking the weight off 
the knees. One or both legs are raised from the prone position to extend the hips and engage 
the glutes and hamstrings. This variation can be performed on the floor or with the upper body 


and torso supported on a bench. 


Hip Thrust 
The hip thrust is a variation of the hamstring curl. The hip thrust is sometimes referred to as 
the hip bridge and can be completed from a bench (or hip thrust apparatus) or the floor. From 


the floor, the cervical spine should be protected. 


Seated on the floor in front of a bench, the barbell should be placed across the anterior pelvis 
with knees bent 90 degrees at hip width. The athlete should elevate the glutes off the floor 
and shift the upper back onto the bench. While bracing the abdominals and pressing through 
the midfoot, the athlete should squeeze the glutes to push the hips up and bring the body 
parallel to the floor. Hyperextension of the spine should be avoided. The athlete can then 


release with a controlled tempo back to the starting position. 


Figure 14.20 Hip Thrust. 


Variations of the hip thrust can be done unilaterally or bilaterally, Keeping a neutral spine at 


the top of the range of motion. 
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Kettlebell Swing 
The kettlebell swing is a power exercise involving a foundation of full body strength to best 
control the kettlebell’s momentum. This exercise relies on the momentum of the kettlebell 


but is controlled by the athlete. 


From a standing position with the feet at shoulder width and the load held in front with 
extended arms, the athlete should hinge back as far as possible without dropping the 
hips. The abdominals should be braced with the hips forcefully driven forward, keeping the 
arms extended and relaxed. The head will drive straight up to maintain a neutral spine and 
avoid hyperextension. The kettlebell will float to the top with momentum, ideally not above 
the shoulders. The athlete should remain in an upright position with relaxed arms as the 
kettlebell begins to swing back toward the body. The hips hinge just as the kettlebell reaches 


the anterior part of the legs (the load drives the hinge). 


Figure 14.21 Kettlebell Swing. 


Calf Raise 
This exercise begins in a standing position with feet hip-width apart, with or without support. While 
bracing the abdominals, the athlete should raise up to the balls of the feet as high as possible 


without shifting weight forward or back. Then the athlete can return to the starting position. 
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Figure 14.22 Bilateral Calf Raise. 
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Variations of the calf raise elevate the feet, creating a larger range of motion, or modify it to 


a unilateral (one leg) exercise. 


MULTIPLANAR 
Lunge 


The lunge differs from a split squat as the feet do not remain stationary. A lunge can be 
completed in the anterior direction (forward lunge), the posterior direction (reverse lunge), the 


lateral direction (lateral lunge), the transverse plane (rotational lunge), or as a walking lunge. 


From a standing position with feet hip width, the athlete should take a large step forward and 
plant the forward foot at midfoot. The back knee should be bent toward the floor, ensuring the 
front knee remains stacked over the ankle. Some hip flexion is expected while maintaining a 
neutral spine. The athlete should drive through the midfoot of the front foot and squeeze the 


glutes to return to the standing start position. 


Figure 14.23 Forward Lunge. 
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For athletes lacking the balance or core control to stabilize during a lunge, suspension 


trainers can be used to support and assist with balance. 


To challenge an athlete, a coach can increase the balance requirement by placing the back 
foot in a suspension trainer. As with the Spassov squat, this challenges the quadriceps of 
the forward leg as well as the flexibility of the hip flexors in the back leg and the core and 


small stabilizers of the leg. 


Forward Lunge to Overhead Press 
The lunge can be progressed in a multitude of ways once the foundational strength has 
been built. Compound variations adding rotation through the core and upper body challenge 


balance and stability. This lunge can be completed as a forward lunge or a reverse lunge. 


The weight is loaded contralaterally at the shoulder, so the opposite leg will be taking a step 
forward. From a standing position with feet hip width, the athlete should take a large step 
forward and plant the forward foot at midfoot. The back knee should be bent toward the floor, 
ensuring the front knee remains stacked over the ankle. Some hip flexion is expected while 
maintaining a neutral spine. As the back knee drops, the athlete should continue to brace 
the abdominals and press the load overhead, ensuring the torso remains upright. Then the 
athlete can drive through the midfoot of the front foot and squeeze the glutes to return to the 


standing start position while lowering the load back to the starting position at the shoulder. 


Lunge to Rotation 
The load for the lunge with rotation is held in front of the body with arms extended or at the 


chest. This exercise can be completed as a forward lunge or reverse lunge. 


From a standing position with feet hip width, the athlete should take a large step forward and 
plant the forward foot at midfoot. The back knee should be bent toward the floor, ensuring the 
front knee remains stacked over the ankle. Some hip flexion is expected while maintaining a 
neutral spine. As the back knee drops, the athlete should continue to brace the abdominals 
and rotate the upper body in the direction of the forward leg. Then the athlete can return the 
torso back to center, drive through the midfoot of the front foot, and squeeze the glutes to 


return to the standing start position. 
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Step-Up 
The step-up is another foundational strength move for athletes of any sport. It can be 
completed with a variety of equipment and as a strength move or with plyometrics. The height 


of the box will vary based on the athlete. 


Standing in front of a step, the hip and knee of one leg should be flexed, and the foot is 
brought to the top of the box. While bracing the abdominals and squeezing the glutes, the 
athlete should press through the midfoot of the top leg to come to a standing position atop 
the box. The athlete can then return to the starting position by hinging back before stepping 


one foot backward off the box and onto the floor. 


Figure 14.24 Step-Up. 
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Quadruped Hip Abduction 

From a quadruped position with the hands stacked under the shoulders and knees directly 
under the hips, the athlete should shift their body weight to one side while keeping the chest 
and hips square to the floor. While bracing the abdominals to maintain a neutral spine and 
squeezing the glutes, the athlete should keep the knee flexed at 90 degrees, abduct the hip, 


and then adduct the hip back to the starting position. 


Adding a resistance band below the knees is a variation a coach may use to increase the 


resistance for the quadruped hip abduction. 
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UPPER-BODY 
EXERCISES 


LEARNING OBJECTIVES 


1 | Understand the musculature engaged in upper- 
body exercises. 


2 | Explore the methods of loading and modifying 
upper-body movements. 


3 | Identify upper-body exercises for use with athletes. 
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Upper-body exercises incorporate the upper back, shoulders, arms, and chest as prime 
movers. Exercises for the upper body often use the stability and strength of the lumbopelvic- 
hip complex (LPHC), also known as the core. The LPHC is used for balance and bracing, 
and the glutes and hips are activated for stabilized rotation when necessary. The exercises 
can be compound movements using multiple muscles and multiple joints, like a curl and 
press, or isolated as single-joint exercises, like a preacher curl. Research suggests building 
upper-body strength along with core strength for athletes is key for increasing power and 


velocity in sports involving throwing and upper-body force production. 


UPPER-BODY ANATOMY 


The muscles of the upper body include those of the arms, chest, back, and shoulders. 
The LPHC plays an important role in stability and posture of the upper body, much like it does 


for the lower body. 


Figure 15.1 Anterior View of the Upper-Body Musculature (Right Side) 


Biceps brachii short head 
Biceps brachii long head 
Serratus anterior 
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Figure 15.2 Posterior View of the Upper-Body Musculature (Right Side) 


The musculature of the upper body can be divided into three groups: muscles controlling the 
shoulders, muscles of the chest, and muscles of the back. 


ISSA | Strength & Conditioning | 319 


CHAPTER 15 | UPPER-BODY EXERCISES 


SCAPULOHUMERAL 
RHYTHM: 


The coordinated rotational 


movement of the scapula 
accompanying abduction, 
adduction, internal and 
external rotation, extension, 
and flexion of the humerus. 


SUBACROMIAL SPACE: 


The space beneath the 


acromion (between the 
acromion and the top surface 
of the humeral head). 


SHOULDERS 


Shoulder movements include abduction, adduction (vertical and horizontal), flexion, extension, 
rotation (internal and external), and circumduction. The glenohumeral (GH) joint is a versatile 
articulation controlling the movements of the upper extremities. The GH joint has the largest 
range of motion in the body and is primarily supported by the muscles of the rotator cuff: 


the supraspinatus, infraspinatus, teres minor, and subscapularis. 


The major dysfunctions in the shoulder a coach can observe are movement impingements and 
alterations in scapulohumeral rhythm impairing shoulder mobility. Scapulohumeral rhythm is 
the pattern of muscle contractions and motion occurring between the scapula and humerus. 
Research indicates an increased risk of pain or rotator cuff injury when scapulohumeral rhythm 


abnormalities occur as a result of pain, weakness, or muscle and strength imbalances. 


Table 15.1 Muscles of the Shoulder 
MUSCLES OF THE SHOULDER 


Deltoid Teres minor 


Supraspinatus Subscapularis 


Infraspinatus 


CHEST 


The primary purpose of the chest musculature is to move the upper extremities through a 
wide range of motion, including flexion, internal rotation of the upper arm, adduction, and 


scapular stabilization. 


The major dysfunctions a coach can observe with the pectoral musculature involve 
overactivity or tightness causing movement dysfunction of the arm and shoulder associated 


with alterations to the subacromial space. 


Table 15.2 Muscles of the Chest 


Pectoralis major Serratus anterior 


Pectoralis minor Subclavius 
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BACK 


The muscles of the back are further divided into three groups: intrinsic, intermediate, and 
superficial. The intrinsic back muscles are deep skeletal muscles fusing with the vertebral 
column, while the intermediate back muscles aid in the movement of the thoracic cage and 
are covered by the superficial musculature. Superficial back muscles facilitate the movements 
of the upper back and neck. The intermediate and superficial muscles together are referred to 
as extrinsic muscles. In physiology and biomechanics, only the intrinsic muscles are referred 


to as true back muscles, but for health, fitness, and athletics, all three groups are included. 


Table 15.3 Muscles of the Back. Intrinsic and extrinsic 


INTRINSIC EXTRINSIC 


DEEP INTERMEDIATE 


SUPERFICIAL 


Semispinalis Serratus posterior inferior Splenius cervicis 


Multifidus Serratus posterior inferior Splenius capitis 

Rotatores Trapezius (upper, middle, and lower) 
Longissimus Levator scapulae 

lliocostalis Rhomboid (major and minor) 
Spinalis Infraspinatus 


Teres major 


Latissimus dorsi 


UPPER-BODY MOVEMENT 


Movements of the upper body occur in all three anatomical planes and as unilateral actions, 


like a single-arm shoulder press, or as bilateral actions, like a barbell overhead press. 


IN THE ANATOMICAL PLANES 


Upper-body movements in the frontal plane require lateral movement—abduction and 
adduction of the arms. Movements in the sagittal plane are actions moving anterior and 
posterior to the body, like a pull-up or a front raise. Movements in the transverse plane require 


rotation. As with movements of the lower body, there are a few exercises for the upper body 


INTRINSIC BACK 
MUSCLES: 


The deep skeletal muscles 
fusing to the vertebrae. 


INTERMEDIATE BACK 
MUSCLES: 


The muscles aiding in 
movement of the thoracic 
cage. 


SUPERFICIAL BACK 
MUSCLES: 


The muscles facilitating 
movement of the upper back 
and neck. 
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UNDERHAND GRIP: 


A grip that keeps the palm 
facing up or toward the body. 


OVERHAND GRIP: 


A grip that keeps the palm 
facing down or away from the 
body. 


NEUTRAL GRIP: 


A grip that keeps the palm 
facing the midline of the body. 


specifically for the transverse plane. Most exercises are a combination of the transverse and 
sagittal planes or the transverse and frontal planes. These multiplanar movements must 
be controlled to prevent excess spinal rotation with upper-body exercises and protect the 
vertebrae, especially when a load is added. An example of a multiplanar upper-body exercise 


is the standing wood chop. 


GRIP 


When loading with upper-body exercises, the primary factor is the type of grip used. An 
underhand grip keeps the palm facing up or toward the body (supinated), while an overhand 
grip keeps the palm facing down or away from the body (pronated). A neutral grip is used 
with free weight and kettlebell exercises and keeps the palms facing the midline of the body. 
The varying grips will change the angle of contraction and, thus, engage different muscles 
based on the exercise or movement. For example, an overhand grip on a bent-over barbell row 
will engage the triceps and upper back (trapezius and rhomboids), while the underhand grip 


barbell row targets the biceps and the latissimus dorsi more effectively. 


TECHNIQUE 


Upper-body exercises are divided into pushes and pulls, or flexions and extensions. 
The pushes and pulls can be vertical (up and down) or horizontal (forward and backward). 
With any type of upper-body exercise, the setup and stability of the trunk is an important 
factor for ideal movement and injury prevention. There are several factors a coach should 


consider regarding body stability and stance before and during an upper-body exercise. 


CORE BRACING AND DRAWING IN 


The stability and strength of the LPHC are crucial for all functional movement and human 
biomechanics. As with lower body exercises, core bracing effectively activates the core 
musculature of the LPHC to support the spine and hips. Drawing in is a similar maneuver 
involving actively pulling the abdominals in toward the spine to activate the transverse 
abdominus. Supporting the spine is important for seated exercises but especially for those 


executed from a standing position. 


NEUTRAL SPINE 


In kinesiology (the study of human movement) the spine is stabilized by two factors. The first 


is the contraction of the supporting deep skeletal muscles surrounding the spine, like the 
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erector spinae and longissimus. The second is the rotation and support from the lower LPHC, 
namely the pelvis. Both of these factors are sensitive to the curvatures of the spine, making 


a neutral spine ideal for counteracting gravity and providing support. 


The curvatures of the spine both laterally and to the anterior and posterior will play a large 
role in an athlete’s ability to achieve and maintain a neutral spine when loading the upper 


body. The following is a quick review of the potential dysfunctions of the spine: 
Scoliosis: sideways curvature of the spine 
Kyphosis: excessive outward curvature of the thoracic spine 
Lordosis: excessive inward curvature of the lumbar spine 
Flat back: loss of the lumbar curvature of the spine 


Figure 15.4 Spinal Deformities 
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Normal Scoðosis Normal Kyphosi Lordosis Flat back 


ELBOW PLACEMENT 


Placement of the elbows during upper-body exercises can be limited by shoulder mobility. 
Upper-body pushes and pulls can use a wide and high elbow placement, a close and narrow 
elbow placement, and anything in between. A wider elbow placement adducts the arm from the 
body to no more than 90 degrees and, for those with limited shoulder mobility or overactive 
upper-back musculature, may cause elevation of the shoulders during movement. A closer 
elbow placement adducts the arm up to 45 degrees from the rib cage and provides what is 
considered a more neutral position. This is ideal for anyone with a shoulder impingement or 


issues with shoulder and pectoral (pec) mobility. 


SHOULDER 
IMPINGEMENT: 


A painful condition occurring 
when the tendons and soft 
tissues around the shoulder 


joint become trapped between 
the top of the upper-arm bone 
(humerus) and the acromion, 
a bony projection extending 
upward from the scapula 
(shoulder blade). 
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Figure 15.5 Elbow Placement. 


Close elbow placement for a push-up (left) and wide elbow placement for a chest press (right). 


For any type of elbow placement, the elbows must be externally rotated to protect the 
shoulder joint. The external rotation of the upper arm is controlled by the infraspinatus and 
teres minor. Research suggests the external rotation of the arm during upper-body lifting 
and in athletics not only stabilizes the elbow joint but secures the shoulder during loading, 


throwing, and pushing. 


UPPER-BODY EXERCISES 


Most upper-body exercises can be completed bilaterally or unilaterally and with a variety of 
equipment. Many variations for push, pull, flexion, and extension are based on the athlete’s 


foundational strength and abilities. 


IN THE FRONTAL PLANE 


Many upper body exercises that are largely in the frontal plane also have an aspect of sagittal 
movement. Elbow extension and flexion are technically completed in the sagittal plane, 


but exercises like the pull up and overhead press are largely in the frontal plane. 


Overhead Press 
The overhead press can be completed with many types of resistance and from a seated 
or standing position. Careful attention should be given to maintaining a neutral spine and 


bracing the core. 


With feet set just outside the hips, the athlete can hold the weight in front of the shoulders in 
a rested position. While squeezing the glutes and bracing the core, the athlete should extend 
the arms straight overhead, pushing the weight up. After pausing upon full extension, 


the athlete can bend the elbows and return the weight to the starting position. 
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Figure 15.6 Barbell Overhead Press 


A variation of the overhead press is the unilateral movement. Lateral flexion of the spine 
should be avoided during arm extension. 

For individuals lacking overhead mobility or with shoulder limitations, a land mine press can 
be substituted. Using a land mine press brings the range of motion into the sagittal plane and 


challenges the shoulder girdle and LPHC in a different way than in the frontal plane. 


Lateral Raise 

From a seated or standing position, this exercise begins with the dumbbells down at the 
sides and arms extended. While bracing the abdominals, the athlete should abduct the arms 
up to 90 degrees (shoulder height), keeping the chest up and a neutral spine. Then the 


athlete can adduct the arms back to the starting position. 


Figure 15.7 Dumbbell Lateral Raise 


Variations of the lateral raise include alternating unilateral raises and using different forms of 


resistance, like a resistance band or cables. 
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Pull-Up 
This exercise begins with the athlete gripping the pull-up bar with the hands outside the shoulders and allowing the legs to hang freely. The athlete should engage the lats, 
brace the abdominals, and pull up until the chin meets the bar, ensuring the shoulders stay down and away from the ears. The arms can be slowly extended to lower back 


to the starting position. 


Figure 15.8 Wide-Grip Pull-Up 


Variations of the pull-up involve adjusting the width and the handgrip. A wide grip focuses on 


the lats and triceps, while a narrow grip focuses on the lats and biceps. 


Figure 15.9 Chin Up 


The lat pull-down is both its own exercise and a valid modification for those who cannot do 
traditional pull-ups or want to add more resistance to challenge the lats and improve the 


pull-up exercise. 
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IN THE SAGITTAL PLANE 


The push-up is largely in the sagittal plane, but the action of the shoulder occurs in the 


transverse plane. 


Push-Up 
There are numerous variations of a push-up challenging the stability of the LPHC and strength 


of the arms. 


A traditional push-up begins in a prone position on the toes with the arms extended and the hands 
placed just outside the shoulders. The athlete should externally rotate the elbows, brace the 
abdominals, and flex the elbows to lower the chest toward the floor. The ideal elbow flexion is just 
before a 90-degree angle at the elbows. The athlete can press through the palms and engage the 


pecs to return to the starting position while keeping the body in one line. 


Figure 15.10 Traditional Push-Up 
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Variations of the push-up involve using weights in the hands for those who lack extension of 
the wrists. Hand elevation also allows for more elbow flexion for those with limited mobility in 


the shoulders and challenges the stability of the shoulder girdle. 


Figure 15.11 Push-Up from Kettlebells 


To challenge the stabilizers of the shoulder, using an unstable or uneven surface progresses 


the push-up exercise. 
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Figure 15.12 Push-Up with BOSU Ball 


To add resistance to the push-up, the addition of a band over the shoulders produces more 
tension during the concentric chest contraction. The band adds the most resistance at the 
top of the push-up and the least resistance at the bottom, where strength is naturally the 


lowest. This is ideal for building maximal strength for a prone horizontal pressing movement. 


Figure 15.13 Push-Up with Band 


Bench Press 
The bench press is a widely used exercise to measure upper-body strength (both maximal 


and submaximal) for athletes of all sports. 


In this exercise, the athlete should lie supine on a bench with feet flat on the floor, knees 
flexed at 90 degrees, and back flat on the bench. The abdominals are braced, and the barbell 
is gripped just outside the shoulders. The athlete should lift the bar and bring it over the 
chest and then externally rotate the elbows and lower the barbell to the chest. Resting the 
weight or bouncing the weight off the chest should be avoided. The athlete can press through 


the pecs to extend the arms back to the starting position. 
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Figure 15.14 Flat Barbell Bench Press 
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Using a bench, the angle of the bench can be modified to an incline or decline, typically up to 
30 degrees in either direction to maintain engagement through the chest. The incline angle 
engages the upper pecs, while the decline angle engages the lower pecs. 

The stability of the shoulder girdle and LPHC can be challenged during this pushing movement 
by using a Suspension trainer or cables. Less resistance is applied as the bench press is 
modified to a standing press. 


Figure 15.15 Chest Press with a Suspension Trainer 
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Triceps Extension 

This exercise begins with the feet set (or staggered) and hinging from the hips, keeping the 
spine neutral. Holding a dumbbell in one hand, the athlete should elevate the elbow to the 
level of the back, keeping the shoulder away from the ear. The elbow is flexed 90 degrees at 
the starting position. The athlete should engage the triceps and extend at the elbow until the 


arm is fully extended. The elbow can be flexed to return to the starting position. 


The lying triceps extension removes the balance and stability aspect of the LPHC and focuses 


on the triceps as the prime mover and the strength and stability of the shoulder girdle. 
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The athlete should lie supine on the floor with knees flexed, feet placed flat on the floor, and 
arms fully extended directly over the shoulders. Keeping the elbows externally rotated over 
the shoulders, the elbows can be flexed to lower the weight to the ears. The arms can be fully 


extended back to the starting position. 


The dip is a variation engaging the pecs as well as the triceps and can be completed using 
dip bars or a bench. Shoulder mobility is key for a dip as the elbows must remain externally 


rotated during the range of motion. 


This exercise starts in the dip bars with the arms fully extended and the shoulders as far 
away from the ears as possible. The athlete should flex the elbows to lower the body while 
allowing the trunk to shift slightly forward. Pressing through the palms, the athlete can extend 


the arms back to the starting position. 


Figure 15.16 Dip 


For athletes lacking shoulder mobility for a dip, the suspension trainer can be used. The Suspension 


trainer uses the same range of motion as the lying triceps extension to engage the triceps. 


Front Raise 

From a standing position and feet at hip width, the athlete should grip a barbell at shoulder 
width and rest it in front of the hips. Keeping the arms extended, the athlete should brace 
the abdominals and, with flexion through the shoulder, raise the weight up to shoulder height. 
Swinging the body and using momentum should be avoided. In a controlled tempo, the 


athlete can lower the bar back to the starting position. 
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Biceps Curl 

Standing with extended arms and a dumbbell in each hand, the athlete should supinate the 
palms and pull the elbows in to the sides of the body. Flexing at the elbows, the athlete can 
curl the dumbbells up toward the shoulder, squeezing the biceps. In a controlled tempo, 


the elbows can be extended, lowering the arms to the starting position. 


Figure 15.17 Dumbbell Biceps Curl 
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Row 


Proper execution of the bent-over row requires a strong hinge to protect the spine. 


This exercise begins in a standing position with feet at hip width. The athlete can hinge to the bar 
and use an underhand grip just outside the shoulders. From the hinged position, the athlete 
should brace the abdominals, engage the glutes, and drive the knees out enough to keep the 
knees over the ankles. The athlete should flex the elbows and pull the bar in to the abdomen, 


pinching the rhomboids. The arms can be slowly extended back to the starting position. 


Figure 15.18 Overhand Grip Barbell Bent-Over Row 
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The variations of the row modify the handgrip and the grip width as well as the resistance used. 
Cables can be used to maintain a standing position while executing a row exercise and angled at 
a high, low, or mid height. A midheight cable row is similar to the movement pattern of a seated 
horizontal row. Standing challenges the stability of the LPHC. A high-height cable row focuses on 


the contraction of the lats, while a low-height cable row focuses more on the upper traps. 


Using dumbbells, the single-arm row is a common variation to challenge the balance as well as 
the back and biceps. From a long, staggered standing stance, a dumbbell is held in the opposite 
hand from the forward leg. The athlete should hinge from the hips and fully extend the weighted 
arm. Next, the athlete can flex the elbow to pull the dumbbell in to the obliques while squeezing 


the rhomboid on the same side. The elbow can be extended back to the starting position. 


For individuals unable to maintain a hinged position, using a bench for a leaning row removes 


the instability aspect from the LPHC and focuses the resistance on the prime movers. 


A coach can progress the LPHC challenge of the row with an inverted row. This exercise also 
strengthens the shoulder retractors, biceps, and trunk stabilizers. The proper height of the 


straps is based on the arm length of the athlete. 


Holding suspension straps, the athlete should lie supine on the floor with the arms and legs 
fully extended. While bracing the abdominals and squeezing the glutes, the athlete should lift 
the body off the floor as if doing a plank. The athlete can flex at the elbows and pull the body 
up as one unit. The elbows should remain close to the sides of the body, and the shoulders 
should stay down and away from the ears. The elbows can be slowly extended to return to 


the starting position. 


Figure 15.19 Inverted Row 
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Lat Pull-Down 

As with the rowing exercise, the lat pull-down strengthens the scapular retractors. From a 
standing position and using a straight or EZ-bar cable attachment, the athlete can grab the 
bar just outside the shoulders with an overhand grip. This exercise is performed with arms 
fully extended, shoulders down away from the ears, and abdominals braced. Keeping the 
arms extended, the athlete should pull the arms down toward the hips. With a controlled 


tempo, the athlete can extend from the shoulders to return to the starting position. 


MULTIPLANAR 


Chest Fly 

The chest fly range of motion is based on the athlete’s shoulder and pectoral mobility. The 
athlete should lie supine on a bench with dumbbells in the hands and arms fully extended 
over the chest, ensuring a neutral grip. While bracing the abdominals, the athlete should 
horizontally abduct the arms, lowering the dumbbells toward the floor in an arc. Keeping the 
LPHC braced, the athlete should squeeze through the pecs to horizontally adduct the arms 


back to the starting position. 


Variations of the chest fly use equipment such as resistance tubing, cables (standing or 
lying), and a suspension trainer to challenge stability. The angle of the bench can also be 


modified as with the bench press exercise. 


Reverse Fly 

This exercise begins with the athlete in a standing position holding two dumbbells in their 
hands. The athlete can hinge back into a static hinge, as is done with the barbell bent-over 
row, and fully extend the arms toward the floor. The athlete should squeeze the glutes and 
brace the abdominals, ensuring the knees are pushed out enough to keep them stacked over 
the second toe. The shoulders should be horizontally abducted to raise the dumbbells to 
shoulder height. With a controlled tempo, the athlete can horizontally adduct the arms back 


to the starting position. 
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POWER AND OLYMPIC- 
STYLE WEIGHT LIFTING 


CHAPTER 16 


LEARNING OBJECTIVES 


1 | Identify the core lifts of Olympic-style weight lifting. 
2 | Describe the benefits of power training for athletic performance. 
3 | Identify and explain the principles of power training. 


4 | Apply foundational power exercises to improve sports 


performance. 


ra 
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SNATCH: 


The movement of lifting a load 
from the ground to overhead in 
one smooth movement. 


CLEAN AND JERK: 


The movement of explosively 
lifting a load to the shoulders 
and then pushing it overhead in 
two separate motions. 


OLYMPIC LIFTING: 


Barbell-loaded maximum-effort 
lifts performed in competition 
and to improve strength and 
power for athletes. 


POWER TRAINING: 


Exercises producing maximum 
force in the shortest duration 
of time. 


BALLISTIC TRAINING: 


Power training involving loaded 
jumping and throwing weight to 
increase power. 


INTERMUSCULAR 


COORDINATION: 


A group of muscles firing 
together to create force. 


INTRAMUSCULAR 
COORDINATION: 


individual muscles firing to 
create force. 


Resistance training is complex, and the sport of weight lifting is even more technical 
when strength, power production, and injury prevention are the focus. Training for power 
is a component of many athletic training cycles and can include Olympic-style lifting. A key 
ingredient for mastering the core Olympic lifts—the snatch and the clean and jerk—is 
the presence of a well-trained and technically minded weight lifting coach. A coach must 
learn the nuances of each lift to properly set up, cue, and help an athlete execute the 
Olympic movements. While the general population will typically not need to use weight lifting 
techniques, an athlete can benefit greatly from them so long as training follows the specific 
adaptations to imposed demands (SAID) principle of programming. Extensive research 
has been done to determine the relevance of Olympic lifting for athletes and, specifically, 
performance enhancement. The research suggests the core Olympic lifts and their variations 
can improve athletic performance by increasing vertical jump height, sprint speeds, and force 
production. Olympic lifting is an effective way to train for nearly all sports, including football, 


tennis, and golf. 


In many cases, power training can be implemented as a safer and less technical alternative 
to Olympic lifting. Power training is sometimes referred to as ballistic training; it incorporates 
exercises producing maximum force in the shortest duration of time and can typically be 
completed in a training facility with the aid of cables, bands, and medicine balls. This type of 
training, as with Olympic lifting, has been determined to increase the rate of force production, 
vertical jump height, and sprint speeds. For the purposes of this course, the Olympic lifts will 


be explored, but alternative power training movements for athletes will also be addressed. 


Coaching is important with explosive-style lifting, but much of the responsibility for execution 
falls to the athletes themselves. Power training and Olympic lifting require a high level 
of flexibility and a coordinated total-body effort of both intermuscular coordination and 
intramuscular coordination. A coach can lay out a well-programmed training cycle, but to 
properly progress and improve, the athlete must consistently incorporate myofascial release 
techniques, flexibility training, and progressive strength training to promote maximum 


adaptation and benefit from training. 
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OVERVIEW OF THE CORE OLYMPIC LIFTS AND POWER TRAINING 


The snatch is the more technical of the lifts, with the clean and jerk allowing for more weight 
to be lifted via two distinct pulling and pushing actions. In both cases, the barbell rests on 
a platform and must be lifted to a finish position overhead. The snatch is a single explosive 
movement, involving lifting a barbell from the platform to overhead in less than one second. 
The clean and jerk, in contrast, is a two-part lift: first the clean brings the bar to the shoulders, 
and then the jerk pushes the barbell overhead with a coordinated lower- and upper-body 


effort. 


These lifts are done so quickly that those unfamiliar with the proper form often think the 
snatch is swung overhead. Done properly, the barbell remains close to the athlete’s body 
throughout the movement. The clean is not dependent on arm strength, nor is the jerk a big 
pushing effort with the arms and shoulders. Rather, both lifts are highly dependent upon 
explosive extension of the lifter’s ankles, knees, and hips. Research indicates Olympic-style 
weight lifting and derivatives such as the push press, push jerk, and split jerk can help to 
improve triple extension of the hips, knees, and ankles, which is mechanically similar to 


numerous sporting activities. 
Explosive lifts like these require developed strength and neuromuscular coordination. 


The use of heavy (80 percent or more of a one repetition max) loads with low repetitions 
develops muscular strength. While an athlete lacking developed strength can go through 
the range of motion of the competitive lifts, they will not achieve performance results like 


increased force production and vertical jump height if the loads used are too low. 


Power is an important component in most sports. Even in the general population, research 
suggests the ability to move quickly may be more important with aging as it can help prevent 
injuries from falls, lack of muscular control, and natural strength loss over time. Recall power 
is the maximal amount of force and velocity that can be produced by the neuromuscular 


system at a given load—work divided by time. 


work [| force x distance | 

Power (P) = —___Y______- 
time 

In this case, work equals the weight (external weight plus the lifter’s weight) multiplied by 

the distance moved. This product is divided by how long it takes for the work to happen. For 

example, a heavy barbell lifted slowly over a short distance, as in a dead lift, produces less 


power than quickly lifting a lighter weight from the floor to overhead, as with a snatch. 
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CLEAN: 


The movement of lifting the 
barbell from the ground to 
the shoulders in one smooth 
movement. 


JERK: 


The movement of lifting the 
barbell from the shoulders 
to overhead, locking out the 
knees. 


TRIPLE EXTENSION: 


Performed by creating extension 


through the ankle (plantar 
flexion), knee, and hip joints. 
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ATHLETIC READY STANCE: 


The quarter-squat position with 


a low center of gravity used 
in most sports to begin or 
transition through movement. 


BODY SWAY: 


Slight postural adjustments 


made to help maintain a 
balanced position. 


PRINCIPLES OF SPORTS SCIENCE 


As previously mentioned, the principles of program design apply when a coach programs 
power training into a training cycle. Specifically, the SAID principle applies as the power 
movements programmed should be applicable to the movements and demands of the sport. 
The athletic ready stance is the perfect example of the specificity of power training for athlete 
performance and is a postural component of the movements. This position is described as 
a quarter squat, with the athlete’s hips behind their center of gravity, shoulders in front, 
and feet and back flat. Their knees stay over their toes, and their shoulders are over their 
knees. In some sports, this is the ready position before engaging in a movement, like when 
a baseball player is preparing to field a ground ball or a tennis player is preparing to receive 
a serve. In other sports, like Olympic lifting, the athletic ready stance begins the movement 
and is the transition between the clean and the jerk that allows the athlete to act against the 


ground and create the explosive push overhead. 


Figure 16.1 Athletic Ready Stance. 


Tennis (left), indoor volleyball (center), and Olympic lifting (right). 


The factors a coach must consider with power training include the center of gravity, the area 


of base, the center of pressure, and the trajectory of the load. 


CENTER OF GRAVITY 


A coach must understand the basics of center of gravity and changes related to posture 
with dynamic body positioning and body sway. The center of gravity is the point of exact 
center where the body can move freely in all directions. This is vital to athletes of all levels, 
especially beginners who may commit numerous minor technical mistakes that may prevent 


them from progressing to meaningful loads later in training. 
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AREA OF BASE 


The area of base, or support, is best illustrated by considering the shape of the human foot. 
The area of base includes about 90 percent of the entire foot, excluding the toes and the 
heels. The area of base is a space within which a weight’s trajectory must be maintained to TRAJECTORY: 

The path a weight follows 
successfully execute a power movement with physical balance. If a load moves outside of the during a movement. 
area of base, the probability of losing balance greatly increases. For example, an excessive 


forward lean during a squat places the load in front of the athlete’s foot, excess stress on 


their spine, and improper muscle recruitment for their concentric muscle contraction. 


CENTER OF PRESSURE 


The center of pressure (COP) is the point at which the pressure of the body over the soles CENTER OF 


of the feet would be if it were concentrated in one spot. The COP is often an index for static PRESSURE (COP): 
the point at which the pressure 
of the body over the soles of 


foot during the explosive movements that produce muscular power. the feet would be if it were 
concentrated in one spot. 


posture and is an important factor of power training. Pressure moves dynamically through the 


TRAJECTORY 


Power training involves the trajectory of a weight and differs from plyometrics in that way. 
Plyometrics involves rapid contact with a surface. The trajectory of thrown weight will vary 
based on the angle of release (launch angle), gravity, and the velocity with which it is released. 


For power throws, the launch angle determines the distance (range) the mass will travel. 


Figure 16.2 Trajectories. 


& =a 
Horizontal Projectile Vertical Projectile General Case 
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The horizontal throw (straight down) has a launch angle of O degrees. The vertical throw 
(straight up) has a launch angle of 90 degrees. The typical forward throw has a launch 
angle that will vary but will also determine the range. 
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In Olympic lifting or barbell- and dumbbell-loaded power training, the trajectory of the weight is 
often not a straight line. For example, in a snatch movement, the barbell will drift away from 
the lifter’s body slightly during the pull to move overhead due to the movements at their hips, 


shoulders, and elbows. 


PREPARING FOR POWER EXERCISES 


A coach must take several steps before introducing this form of advanced training to a 
novice. First, one must assess a client’s flexibility and mobility. Dysfunctions with pushing 
or keeping weight directly over the shoulders and midfoot, flexion of the low back, or issues 
with feet flat on the floor may suggest an athlete is not ready to progress with power training. 
Body regions that need to be flexible and mobile include the ankles, knees, hips, lower back, 
shoulder girdle, and wrists. One of the simplest checks for overall mobility is the overhead 
squat assessment, which is commonly used by USA Weightlifting for athlete preparation and 


to test readiness for the snatch specifically. 
Along with mobility, a coach can assess if an athlete can 

+ perform a full range of motion push-up, 

+ perform a squat with proper hip flexion and stability, 

+ lunge with correct form, 

+ display appropriate core strength and control during rotation, and 

+ use body sway to establish and maintain balance effectively. 
Next, it’s important for the coach to evaluate the athlete’s strength level. There’s no reason 
for an unprepared individual to be thrown into this type of training. Maximal and submaximal 
strength assessments are ideal for strength baselines to ensure sufficient loading for power 
and ballistic training—enough to promote adaptation but also prevent injury. While completing 
foundational strength training, a coach can introduce basic power exercise techniques with 


PVC or wooden dowels rather than weighted bars. The loads are minimal, and the repetitions 


are moderate, making proper movement execution the focus. 


POWER EXERCISES 
IN THE FRONTAL PLANE 


Flexion and extension of the elbows and knees are recognized as being in the sagittal plane, 


but these exercises are largely in the frontal plane. 


ISSA | Strength & Conditioning | 340 


Push Press 
As with other resistance training exercises like the overhead press and lat pull-down, these are 
largely performed in the frontal plane. Understand that the position of the elbows anteriorly and 


their movement in the sagittal plan (forward) add a multiplanar dimension to this exercise. 


Athletes should stand with feet about shoulder-width apart and a neutral spine with the weight 
loaded in their hands and held at shoulder height. Then they will brace their abdominals and hinge 
back into a quarter squat. Using their legs to initiate the movement, they will squeeze their glutes 
and drive their hips forward while explosively extending their arms overhead. With a controlled 


tempo, they will flex at the elbows and lower the weight back to the starting position. 


The push press is a foundational exercise in the progression to a jerk or clean and jerk 
Olympic lift. Completed as a unilateral exercise, the push press will challenge the obliques 


and core stability as the athlete avoids lateral spinal flexion during arm extension. 


Lateral Speed Skater 

From the athletic ready position, the athlete will brace their abdominals and lift their left foot. 
Pushing off with their right foot, they will leap laterally to the left as far as possible, landing 
only on their left foot with their right finishing in an extended position behind their body. They 
will pause to ensure balance before pushing off their left foot and laterally leaping to the right, 
landing only on their right foot with the left leg extended out behind their body. They should 
maintain a low center of gravity and alternate legs for the desired number of repetitions. As 
a power-training exercise, the goal of a speed skater is to leap as far as possible in each 


direction. This movement mimics that of a speed skater on a straightaway. 


IN THE SAGITTAL PLANE 


Loaded Squat Jump 

Completed unilaterally or bilaterally, the athlete will hold the desired weight in their hands 
with their arms resting down at the sides of their body. They will set their feet just outside of 
their hips with a neutral spine. Then they will hinge back, bend their knees, and lower their 
hips into a squat. They will press through their midfoot and extend their legs to explosively 
jump straight up. Their feet will leave the ground, and their goal is maximum jump height with 
load. Then they should land in a controlled manner on both feet simultaneously and rebound 
into a quarter squat, if necessary, to absorb the landing. They must avoid landing with their 


knees locked. 
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Figure 16.4 Figure 16.4 Jump Squat. 


LANDING MECHANICS: It is important for a coach to understand the landing mechanics and deceleration required to 


The efficiency of an athlete properly execute a jump squat, especially when loaded. Research suggests, specifically for a 
when landing from a jumping 
movement and absorbing force. jump squat, excessive hip flexion upon landing is a major contributing factor for knee valgus 


and varus in the frontal plane—a possible injury source during explosive training. 


DECELERATION: 


The loaded jump squat can be used as a foundational exercise for an athlete’s progression 


Slowing down. 


to a box jump and as the basis for learning the clean and snatch Olympic lifts, which require 


explosive hip and glute activation and control of the knees eccentrically and concentrically. 


Reverse Overhead Medicine Ball Throw 

Athletes must stand with their feet shoulder-width apart and a medicine ball held with their 
arms hanging downward in front of their body. They will brace their abdominals and descend 
into a semisquat position. They will pause for two seconds, then powerfully stand from the 
squat position while explosively scooping the ball toward the sky and releasing it when their 


arms are directly overhead. 
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Figure 16.5 Reverse Overhead Medicine Ball Throw. 


Medicine Ball Chest Pass 
Athletes will stand with their feet shoulder-width apart and a medicine ball held at their chest. 
Then they will brace their abdominals and powerfully press the medicine ball forward and 


release the ball as their arms fully extend. 


Figure 16.6 Forward Medicine Ball Chest Pass. 
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Their feet can also be staggered for this exercise, with the understanding that some rotation 


in the transverse plane may occur as their elbow on the side of their open hip will have 
a larger range of motion. A coach can challenge the athlete to brace their core and avoid 
rotation. To remove the risk of rotation during a chest pass for power, the coach can have the 
athlete lie supine on the floor with their knees flexed at 90 degrees and explosively press the 


medicine ball vertically. 
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Overhead Soccer Throw 

Standing with their feet at shoulder width, the athlete will brace their abdominals and raise 
a medicine ball overhead. Then they will flex their eloows to 90 degrees, dropping the weight 
behind their head. They will powerfully force the chest and torso forward while hinging at their 
hips and extending their arms in a forward arc. They should release the weight forward and 
allow their arms to complete the arc with shoulder extension. Their hands will finish at or 


behind their hips. 


A coach can challenge the soccer throw and make it a multiplanar stability and power movement 
by introducing a rotation as the ball is released. The athlete will face one direction to start, and 
as they begin to extend their arms and drive their torso forward, they must rotate through their 
hips (not the spine) to the left or right and release the load in the direction to which they turn. The 


rotation through their hips will require the athlete to finish largely on one leg. 


Wall Ball 

Standing about two feet away from a wall or a target with their feet just outside their hips 
and a medicine ball loaded at their chest, the athlete will hinge back, brace their abdominals, 
bend their knees, and lower their hips into a half squat or farther. Once at the bottom of the 
range of motion, they will explosively stand, drive through their midfoot, and extend their 
arms forward and overhead, releasing the weight at full extension. They must keep their 
arms extended to catch the ball and decelerate it back to their chest before starting the next 


repetition. 


Medicine Ball Slam 

Standing with their feet just outside of their hips, the athlete will brace their abdominals and 
raise the medicine ball overhead, as with the overhead soccer throw. They must not flex their 
elbows but raise the load as high as possible overhead. Then they will brace their abdominals 
and powerfully throw the ball straight down to the floor. Their hips will hinge back, and their 


torso will come forward. They must allow their arms to fully extend in an arc beyond their hips. 
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Figure 16.7 Medicine Ball Slam. 


MULTIPLANAR 


The triple extension and incorporation of a squat performed in many of the following exercises 


classify them as multiplanar exercises (frontal and sagittal). 


Clean 

The athlete will hinge to the barbell and grip the bar at shoulder width with their elbows 
slightly internally rotated. The movement begins with the bar and plates on the ground. Then 
they will brace their abdominals, and, pressing through their midfoot, drive their hips forward 
and explode upward. Their feet may leave the floor. They will use the momentum from their 
legs to power the bar straight up the front of their body as with an upright row movement. 
When the bar reaches the height of their chest, their elbows will quickly externally rotate 
and pop forward with their wrists flexed, their overhand grip relaxed, and the barbell resting 
at shoulder height. To effectively move their elbows forward to catch the load, the lifter may 
hinge back into a quarter squat or lower, ensuring the foot is flat on the floor as they do. They 
must avoid a weight shift into their toes or heel exclusively for balance and to protect their 
knees. Then they will pause before releasing the weight back to the starting position in front 


of their thighs. 
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Snatch 

The snatch begins in the same manner as the clean. The athlete will hinge to the barbell and grip 
the bar outside of shoulder width with elbows slightly internally rotated, then come to a standing 
position with the bar resting in front of their thighs. Then they will hinge back into a quarter squat, 
brace their abdominals, and, pressing through their midfoot, drive their hips forward and explode 
upward. Their feet may leave the ground. They will use the momentum from their legs to power the 
bar straight up the front of their body as with an upright row. As the bar passes their shoulders, 
they will hinge back into a half squat or farther, keeping their feet at shoulder width. The athlete 
will then quickly extend their arms overhead to catch the barbell directly overhead. If the barbell 
is caught too far posteriorly or anteriorly, injury to their shoulder is possible. Their feet can be 
parallel or staggered during the overhead catch, but their hips and torso should be facing the 
same direction with no core rotation. Then they must pause to ensure the barbell is balanced 


overhead before releasing it back to the starting position. 


This movement can be completed bilaterally or unilaterally with dumbbells or kettlebells 
as well. Unilateral snatches challenge the athlete’s core as minimal rotation should occur 
during the movement pattern, as with a barbell snatch. A coach may begin an athlete with a 


weighted bar to learn the movement pattern before loading. 


Clean and Jerk 

The clean and jerk is a combination of the clean and the push press. The athlete will hinge 
to the barbell and grip the bar at shoulder width with elbows slightly internally rotated, then 
come to a standing position with the bar resting in front of their thighs. Starting from the 
hang position means beginning the movement from a hinged quarter squat. They will hinge 
back into a quarter squat, brace their abdominals, and, pressing through their midfoot, drive 
their hips forward and explode upward. Their feet may leave the floor. The athlete will use 
the momentum from their legs to power the bar straight up the front of their body as with 
an upright row movement. When the bar reaches the height of their chest, their elbows will 
quickly externally rotate and pop forward with their wrists flexed, their overhand grip relaxed, 
and the barbell resting at shoulder height. To effectively move the elbows forward to catch the 
load, the lifter may hinge back into a quarter squat or lower, ensuring the foot is flat on the 
floor as they do. They must avoid a weight shift into their toes or heel exclusively for balance 
and to protect their knees. To finish the movement, the athlete will powerfully extend their 
legs, pressing through their midfoot and extending their arms to drive the weight overhead. 
They must pause to ensure shoulder stability and balance before releasing the weight back 


to the standing start position. 
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For clarification, the two possible end positions for the jerk position are the squat jerk, ending 
SQUAT JERK: 
A jerk ending in a squatted 


Rotation Chest Pass position with the barbell 
overhead. 


in a squat position, and the split jerk, ending in a bent-knee staggered position. 


The rotation chest pass starts as the standard chest pass does. The athlete will stand with 


their feet shoulder-width apart and a medicine ball held at their chest. They will brace their 


SPLIT JERK: 


abdominals and begin to extend their arms, driving the medicine ball forward. As their arms A jerk ending in a bent-knee 


staggered position with the 


extend, they will rotate through their hips left or right (not the spine), squeeze their glutes, and 
barbell overhead. 


release the ball forward in the direction their hips are facing. The rotational movement means 
the finish is largely on one leg, like the rotational soccer throw, which challenges the balance 
and stability of their core and their stationary leg. 

Medicine Ball Straight-Arm Oblique Throw 

The medicine ball straight arm oblique throw is executed in the same way as the rotational 
chest pass, except the athlete’s arms are kept extended in front of their body during the 


rotation and release of the weighted ball. 


Figure 16.11 Straight arm oblique throw. 


ISSA | Strength & Conditioning | 347 


LEARNING OBJECTIVES 


1 | Break down the stages of a resistance-training warm-up. 


2 | Discuss training parameters to consider in resistance 


training programming. 


3 | Identify programming options for training microcycles. 


|? 


CHAPTER 17 | RESISTANCE TRAINING SYSTEMS 


PREPAREDNESS: 


The ability to perform well in a 
specific moment based on the 
athlete’s fitness and fatigue. 


MOVEMENT 


COMPETENCY: 


The ability to move well, 
requiring a combination of 
mobility and stability throughout 
the body. 


Well-rounded coaches must be prepared to work with athletes from the initial assessment 


through all phases of the sport’s seasons. 


Program design is based on many variables and principles a coach should consider for 
each athlete. The principles of program design indicate the importance of specificity and 
FITT and variables such as time, intensity, and repetition. Due to the depth of strength 
training programming, this course divides the details into two sections. Part A will revisit 
training parameters in more depth and introduce the guidelines of programming for strength, 
hypertrophy, and power training. Part B will apply these training guidelines to the training 


phases, specifically the preparation and competition phases. 


FUNDAMENTALS OF TRAINING PROGRAMMING 


Resistance training creates metabolic and structural disruptions to improve an athlete’s 
strength, power, and muscle mass. An athlete’s ability to perform well during competition 


depends on the following: 
+ Work capacity: the ability to perform at varied intensity levels 
+ Fitness: the ability to use work capacity to perform at a high level 


+ Preparedness: the ability to perform well based on the athlete’s fitness and 


fatigue 


There are three fundamental aspects of an ideal training progression: movement competency, 
strength, and power. Movement competency is the ability to move well, requiring a combination 
of mobility and stability. An athlete is taught proper mechanics of basic movement patterns 
with minimal or no load, such as a squat and overhead press with a dowel. In this initial stage 
of training, a coach is recommended to consult with an athletic trainer or physical therapist 
if the program requires physical manipulations to establish mobility and stability. Once ideal 
mobility is achieved, load is added to basic movement patterns, such as the squat, hip hinge, 
and overhead press. Load is increased over the course of months until adequate strength is 
developed. Then athletes can add high-velocity exercises, such as jumps and medicine ball 


throws, to develop power. 


Athletes must perform a movement correctly before load and velocity are added. However, 
there can be significant carryover between the three phases of training progression. For 
example, when athletes develop strength, it can also improve their movement competency 


and power. 
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Figure 17.1 Basic Training Progression. 


MOVEMENT COMPETENCY 


WARM-UP 


Before intense bouts of activity, an athlete should perform a warm-up for the following reasons: 
+ To enhance muscle dynamics for better performance with less risk of injury 
- To prepare for the demands of sport 


In general, a warm-up should be intense enough to induce mild sweating without fatigue. 
However, this alone may not keep an athlete injury free. Instead, research suggests factors 
such as nutrition and muscular conditioning are key for injury prevention along with an 


effective pre-activity warm-up. 


A warm-up can be passive or active. A passive warm-up doesn’t require any movement from 
the athlete (e.g., sitting in a sauna, taking a hot shower, or applying heating pads). Conversely, 


an active warm-up requires physical movement. 
PHYSIOLOGICAL BENEFITS OF AWARM-UP 
A well-designed warm-up can provide the following four physiological benefits: 


1.Increased speed and force of muscle contractions 
2.Greater volume of oxygen delivery to working muscles 
3.lmproved speed and reaction times from faster nerve transmissions 


4.|ncreased blood volume flowing through active tissues 
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STRETCHING 

Stretching is a common component in an athlete’s warm-up protocol. This can include static, 
dynamic, and proprioceptive neuromuscular facilitation (PNF). Dynamic stretches, or dynamic 
activities, are generally shown to be most effective for improving performance. Static 
stretches and PNF have been shown to be detrimental to explosive-strength exercises when 
done first. However, research demonstrates static stretches and PNF can increase muscle 
and soft tissue extensibility for up to 24 hours with as little as three 30-second bouts. This 
means the athlete holds a static stretch for 30 seconds or performs a PNF sequence for 30 
seconds with each set. The 30-second PNF sequence consists of a static stretch held for 
five seconds, an isometric contraction held for five seconds, and another static stretch held 


for five seconds. This sequence is performed twice consecutively, equaling a 30-second set. 


COMPONENTS OF A DYNAMIC WARM-UP 


A dynamic warm-up starts with general activity followed by more sport-specific movements. For 
example, a powerlifter who performs a barbell squat for the first exercise might prepare with three 
minutes of pedaling on an exercise bike, three minutes of lunges and push-ups, and three or four 


sets of progressively heavier barbell squats with a submaximal load before the first work set. 


This example demonstrates a graduation from general activity to more specific movements for the 


sport. The duration of a warm-up may vary from athlete to athlete and should be individualized. 


GENERAL ACTIVITY 

Walking, jogging, skipping rope, and doing jumping jacks are examples of general activity. 
A jog can be alternated between jogging forward and backward and side shuffling in each 
direction. Skipping rope is also a good choice since it requires coordination and balance 
while working the upper and lower body. In most cases, three to five minutes of general 


activity is sufficient to increase heart rate, blood flow, and neural transmission. 


DYNAMIC STRETCHES 

After general activity is finished, dynamic stretches are performed rapidly to move joints through a 
full range of motion with only slight tension felt at the muscle’s end range. Examples include arm 
circles through an increasing range of motion, high front kicks, side kicks, or glute kicks. Dynamic 
stretching increases tissue extensibility and enhances neural transmissions, which may carry 


over to greater performance in the gym or sport. Approximately three to five minutes is sufficient. 
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SPORT-SPECIFIC ACTIVITY 
The third component of a dynamic warm-up is sport-specific activity, in which an athlete 
performs movements mimicking a sport. For example, a soccer or basketball athlete may 


perform a T-drill—a series of short sprints and cuts in each direction. 


Figure 17.2 Sport-Specific Dynamic Warm-Up Sequence for Field Athletes 
and Basketball Players. 


finish finish 
sprint forward sprint forward 
R leg plant/backward run L leg plant/backward run 
sprint forward sprint forward 
R leg plant/cut left L leg plant/cut right 
start start 
(athlete 1) (athlete 2) 


Athlete 1 sprints 10 or 15 yards forward, plants the right leg, runs backward to the starting 
position, and then sprints forward and plants the right leg to cut left and sprint another 10-15 
yards. Athlete 2 simultaneously performs the same sequence to the opposite direction. Then 


the athletes switch positions. 
If the athlete is preparing for strength training, the dynamic activity could be the first multijoint 
exercise in the workout, such as a squat. 


Regardless of the work to follow, dynamic activity should start at a relatively low intensity, 
such as a 50 percent effort, and steadily increase. Generally, 10 minutes of dynamic activity 


is sufficient to induce the physiological benefits of a warm-up. 


MUSCLE ACTIVATION EXERCISES 


Powerful and efficient movements require high-level activation of key stabilizer muscles, 
particularly around the shoulders, spine, pelvis, hips, and ankles. Insufficient activation of 


these stabilizer muscles can increase the risk of injury and impair performance. 
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Table 17.1 Common Underactive Muscles. 


REGION MUSCLES 


Feet Posterior tibialis 
Hips/pelvis Hip abductors and external rotators 
Trunk Obliques, latissimus dorsi, and diaphragm 
Glenohumeral joint External rotators 
Scapulothoracic region Serratus anterior, middle/lower trapezius, rhomboids 
Neck Deep neck flexors 


Activation exercises targeting stabilizer muscles in the frontal and transverse planes, such 


as the lateral step with a miniband, are particularly important. 


Figure 17.3 Lateral Step with Miniband. 


The athlete starts in a hip hinge with a miniband above the knees and feet shoulder-width 
apart. Next, the athlete takes small steps to the right and then to the left, always keeping the 
knees over the toes and feet wider than shoulder width. 


The monster walk with miniband also activates the hip flexors and hip extensors. 


Figure 17.4 Modified Side-Plank Clam with Miniband. 
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The athlete externally rotates the left hip to the range of motion and attempts to pull the 
right elbow toward the right hip. The elbow won’t move, but the tension activates the right 
latissimus dorsi. The same is performed on the opposite side. This exercise can be performed 


with reps or as a static hold. 


Any variation of the loaded carry can be used as an activation exercise. Specifically, the bottoms- 


up kettlebell carry requires frontal plane stability of the trunk as well as shoulder stability. 


Figure 17.5 Turkish Get-Up Exercise. 


A thorough activation circuit consists of at least the following: 


+ Lateral step or monster walk with miniband 
+ Side-plank variation 
+ Antirotation core exercise variation 

The following is an example of an activation circuit: 


1.The athlete should perform a lateral step with miniband for 30 seconds in each 


direction and then rest for 15 seconds. 


2.The athlete can perform a modified side-plank clam with miniband, hold for 30 


seconds, repeat on the other side, and then rest for 15 seconds. 


3.The athlete can stir the pot for five slow repetitions in each direction and then 


rest for 15 seconds. 
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TRAINING PARAMETERS: 


The components of a fitness 


program that determine how it 
will be executed. 


CLOSED KINETIC CHAIN: 


Exercises performed with the 


extremities in direct contact 
with the surface the athlete is 
training on. 


OPEN KINETIC CHAIN: 


Exercises performed where 
the contracting extremities are 
not in contact with the ground. 


FUNCTIONAL EXERCISE: 


Any exercise improving an 
athletic component of sport. 


The athlete should repeat steps 1-3 for one more round. 


The goal of activation exercises is to engage key stabilizer muscles and induce the 
physiological benefits of a warm-up without inducing fatigue. Therefore, athletes should avoid 
spending excessive time or energy performing activation exercises. Five to ten minutes of a 


combination of these activities is sufficient. 


TRAINING PARAMETERS 


Each workout consists of training parameters intended to stimulate physiological adaptations. 


The components of training parameters are as follows: 
- Exercise selection 
+ Exercise order 
+ Load 
+ Sets and reps 


+ Rest periods 


EXERCISE SELECTION 


Exercises may be categorized as closed kinetic chain or open kinetic chain. Closed kinetic- 
chain exercises are performed with the extremities in direct contact with the surface the 
athlete is training on and may mimic movements from sport (e.g., push-up, lunge, and dead 
lift). In open kinetic-chain exercises, the contracting extremities are not in contact with the 
ground and may isolate muscle groups (e.g., leg extension, barbell overhead press, and bicep 


curl). 


Isolating each muscle group required for a functional movement with single-joint exercises 
is not only time consuming but also neglects the synergistic activation of whole-body 
movements, such as a sprint, jump, or throw. Research demonstrates an improvement in 
sport performance through training multijoint exercises, such as the squat, dead lift, or leg 
press. While these movements do not mimic specific sport movements such as a sprint, they 


can improve sprinting by synergistically activating and strengthening key muscles. 


Athletes expend considerable energy practicing their sport and competing; therefore, it is 
best to choose exercises functional to sport. A functional exercise is any exercise improving 


an athletic component of sport. 
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Full-Body and Split Workouts 

A full-body workout consists of at least three exercises and uses the body’s major muscle 
groups within the same training session. A split workout consists of exercises targeting 
a specific region of the body. For athletic development, training a major muscle group or 


movement pattern twice per week is the recommended minimum. 


EXERCISE ORDER 


Exercise order can help train specific muscle groups while preparing other muscle groups for 
additional exercises to follow. The following effective strategy sequences full-body circuits to 
allow for a warm-up: 
1. Upper-body pull 
Rest 
2. Upper-body push 
Rest 
3. Squat, dead lift, or lunge 
Rest 


The athlete should repeat steps 1-3 for two to three rounds. 


Post-Activation Potentiation 

Research demonstrates some athletes jump higher or sprint faster after a few heavy sets of 
squats or dead lifts due to post-activation potentiation (PAP). For PAP the force produced by a 
muscle is increased due to its previous contraction, improving mechanical performance 2-10 
percent. The benefits of PAP to improve explosive performance are limited to experienced 


power athletes. PAP is less effective for young or relatively weak athletes. 


Research surrounding PAP suggests the effect after a heavy conditioning set is highest 
between 15 seconds and 5 minutes after. Combining heavy, maximal-strength exercises with 


lighter, explosive-strength exercises in the same workout is known as contrast training. 


FULL-BODY WORKOUT: 


a workout training the entire 
body with at least three 
exercise types, such as an 
upper-body pull; an upper-body 
push; and a squat, dead lift, 
lunge, or swing variation. 


SPLIT WORKOUT: 


Exercises targeting a specific 
region of the body, such as 
arms and back in one workout 
and chest and shoulders in 
another. 


POST-ACTIVATION 
POTENTIATION (PAP): 


The force produced by a 
muscle is increased due to 
its previous contraction. 


CONTRAST TRAINING: 


Combining heavy, maximal- 


strength exercises with lighter, 
explosive-strength exercises in 
the same workout. 
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LOAD 


Load applies resistance to muscles and connective tissues. Movement requires stability 
and coordination in all three planes. Using a dumbbell or kettlebell involves greater muscle 
activation since it requires control in all three movement planes. Loads not restricting joint 
movement include the following: 

+ Dumbbell 

- Kettlebell 

+ Barbell 

+ Cable or band 

- Sled 

+ Medicine ball 

+ Sandbag 


In some cases a body-weight load may be enough resistance to elicit a desired effect. 


DID YOU KNOW: 


Excessive bodyfat is an additional load the body must carry, one that serves no functional 


purpose? Higher levels of bodyfat in athletes can have detrimental effects on performance. 


Optimal Loading 
A well-designed strength-building program can improve the following five factors of strength: 
1.Coordination of muscle fibers 
2.Coordination of muscle groups 
3.Percentage of motor units recruited 
4.Firing rate of motor neurons 


5.Physiological cross-sectional area 


To achieve the highest levels of strength, loads range from light to heavy, which is 80 percent 
of one-repetition maximum (1RM) or higher. The shortcoming of training with heavy loads is the 
strain on joints and the nervous system if used too frequently. Light loads are typically 0—60 
percent of 1RM, with O representing unloaded movements. Training with light loads increases an 


athlete’s rate of force development (RFD) and requires high velocity to develop power. 


Moderate loads are 60-80 percent of 1RM and are heavy enough to recruit type Ilx muscle 
fibers but light enough to be performed with a high velocity and are suitable for a larger 


volume of work. 
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A combination of heavy and light loads is optimal for developing maximal power, considering 
effects such as PAP Some athletes will use light-load, high-velocity training while practicing 
their sport and benefit from workouts with moderate to heavy loads to develop maximal 
power. On the other hand, an athlete such as a powerlifter could benefit from lifting lighter 
loads with an explosive tempo to enhance RFD. Approximately 30 percent of 1RM allows for 
maximal power production in single-joint exercises, while 30-70 percent of 1RM is optimal 
for the bench press. For a squat jump, the athlete’s body weight produces maximal power 
production. Training with optimal load is most effective in the short term—approximately 


eight weeks. 


A coach can determine the type of training and outcome by the load and number of repetitions 


as follows: 
+ Maximal-strength training: an athlete has a 5RM for a body-weight pull-up. 


+ Hypertrophy training: an athlete can perform a single-leg squat for a maximum 


of 11 reps. 


+ Strength-endurance training: an athlete can do 20 consecutive push-ups. 


SETS AND REPETITIONS 


A combination of sets and repetitions determines the volume of work and time spent in each 
training session. The minimum effective dose allows athletes to have the energy to practice, INIME 
compete, and enjoy life outside of their sport and is the minimum required amount of training DOSE: 


i ; The minimum required amount 
an athlete must perform to achieve their goal. 


of training an athlete must 
perform to achieve their goal 


It is most effective to vary the number of sets per muscle group over a training cycle. Research BAMU AAA 
compete and enjoy daily life. 


demonstrates at least three sets are necessary to enhance strength and hypertrophy. It is 
rare for a coach to prescribe more than 12 sets of an exercise (with 12-28 sets considered 


very high volume), unless the workout consists of three or fewer exercises. 
The number of sets and repetitions depends on the following three factors: 
1.Goal of the workout 
2.Athlete’s available time 


3.Athlete’s available energy 
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MOMENTARY MUSCULAR 
FAILURE: 


The point when no more 
repetitions can be performed 
due to acute muscle 
exhaustion. 


TRAINING VARIABILITY: 


Varying exercise parameters 
over time. 


INTERSET REST PERIODS: 


the amount of time an athlete 
rests between exercises ina 
workout. 


ACTIVE REST: 


Training other muscle groups 
or continuing to otherwise 
engage the muscles during 
rest periods. 


PASSIVE REST: 


Full rest during rest periods. 


Maximal strength is developed by performing 1-5 repetitions per set, hypertrophy is developed 
with 6-12 repetitions, and strength endurance is developed with 13 or more repetitions. 
Momentary muscular failure is the point when no more repetitions can be performed due 
to acute muscle exhaustion. Consistently training to muscular failure increases the risk of 


overtraining and can reduce resting levels of growth hormones and testosterone. 


A coach can implement training variability to increase sensitivity of the muscles and nervous 


system to the parameters by creating a new stimulus for each training session. 


Inexperienced and female lifters often need higher repetitions to get the same adaptations 
as experienced lifters because advanced athletes can recruit a large percentage of available 


motor units with each repetition. The following are guidelines for sets and repetitions: 
+ Strength and power: 3-5 sets of 1-5 repetitions 
+ Hypertrophy: 3-4 sets of 6-12 repetitions 


+ Strength endurance: 1-3 sets of 13 or more repetitions 


REST PERIODS 

The amount of time an athlete rests between exercises in a workout, or interset rest periods, 
will affect the training stimulus. Training for maximal strength requires more rest between 
sets than hypertrophy training. Research indicates experienced strength athletes require 
longer rest periods than novice athletes. Experienced lifters can recruit a greater number of 
motor units and expend energy more quickly, which is more taxing to their physiology. Novice 
lifters can improve strength with rest periods as short as one minute. Longer rest periods 
have been shown to be more effective for strength and hypertrophy regardless of training 


status. 


Regaining full maximal strength after a set usually takes five to seven minutes, the time it 
takes the ATP-PC system to recover. Hypertrophy training does not necessitate maximal load, 


and accumulating fatigue with shorter rest periods can be beneficial to the growth process. 


Athletes can train other muscle groups during rest periods, known as active rest. A full rest 
between sets is referred to as passive rest. In either case the athlete will take the full rest 
period before repeating an exercise. Studies have shown strength is gained with either type 
of rest, but athletes using circuit-style training protocols or active rest experience a larger 


cardiovascular response, which benefits athletes requiring endurance. 
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Straight sets are sets of a single exercise completed before performing the next exercise. 


STRAIGHT SETS: 


All sets of a single exercise 


The shortcoming with straight sets is the extended time to complete a workout. An alternative 


to straight sets involves alternating between two different exercises, training different muscle are completed before 
performing the next exercise. 


groups, or performing a circuit of three or more exercises. The following is a sample circuit for 


building strength and hypertrophy: 


1.1. The athlete can perform pull-ups for five reps and then rest for 45 seconds. 


1.2. The athlete can dip for five reps and then rest for 45 seconds. 


1.3. The athlete can dead lift for five reps and then rest for 45 seconds. 


The athlete should repeat steps 1.1-1.3 for three rounds. 


In the example above, the first digit (1) represents the circuit number, while the second digit 
denotes the exercise number within the circuit. For example, 1.3 denotes the third exercise 


in the first circuit of exercises. 


If the workout includes additional exercises, a second circuit may look like this: 


2.1. The athlete can perform a depth jump for three reps and then rest for 75 seconds. 


2.2. The athlete can perform an overhead press for five reps and then rest for 75 seconds. 


The athlete should repeat steps 2.1-2.2 for three rounds. 


Exercises working a large group of muscles simultaneously increase the cardiovascular 


response. Recovery from a consecutive group of repetitions depends on the intensity of the 


set and number of muscle groups activated. 


A coach must understand the importance of rest periods and how they fit into a workout. 
Workouts for maximal strength can require rest periods up to seven minutes before repeating 
an exercise. For efficiency, it is important to know how to structure a workout using a circuit 
or upper-lower pairing. A full-body circuit of three exercises with 90 percent of 1RM for each 
exercise would require three to five minutes of rest before repeating an exercise with the 


same performance as follows: 
1.1. The athlete can perform three reps of pull-ups and then rest for 90 seconds. 
1.2. The athlete can bench press for three reps and then rest for 90 seconds. 


1.3. The athlete can dead lift for three reps and then rest for 90 seconds. 
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The athlete should repeat steps 1.1-1.3 for three rounds. 
A workout of two exercises could be structured in the following manner: 
1.1. The athlete can bench press for three reps and then rest for 180 seconds. 
1.2. The athlete can dead lift for three reps and then rest for 180 seconds. 
The athlete should repeat steps 1.1-1.2 for three rounds. 


Coaches who choose to include accessory exercises within a circuit to improve workout 


ACCESSORY EXERCISES: 


efficiency should avoid including them before more strenuous exercises focusing on the 
Exercises accompanying main 


lifts and enhancing a workout. same muscle groups (e.g., triceps extension before a bench press). The rest guidelines 


before repeating a specific exercise are as follows: 
+ Maximal strength/power: three to seven minutes 
+ Hypertrophy: three to five minutes 


TRAINING MICROCYCLES: WEEKLY 


Based on the type of training split and the number of planned training sessions in a week, 


there are many options for programming a microcycle. 


THREE FULL-BODY WORKOUTS PER WEEK 


Three days a week of full-body training is optimal for novice athletes, while more advanced 
athletes can perform full-body training up to five days a week. Ideally, workouts are spaced 


48-72 hours apart, which is sufficient for full recovery (e.g., Monday, Wednesday, and Friday). 
Loads will be defined as heavy, moderate, or light with the following parameters: 

+ Heavy: greater than or equal to 82 percent of 1RM 

- Moderate: 70-81 percent of 1RM 

+ Light: less than 70 percent of LRM 


It is beneficial to perform a heavy workout first in the week followed by training parameters 
for hypertrophy 48 hours later. To improve power and promote variability, a light load can be 


part of the third workout of the weekly cycle. 
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Table 17.2 Weekly Structure for Three Full-Body Workouts. 


MONDAY WEDNESDAY FRIDAY 
Maximal strength Hypertrophy Power 
Full-body workout Full-body workout Full-oody workout 

Load: heavy Load: medium Load: light 
Sets x reps:5x 4 Sets x reps: 3 x 8 Sets x reps:5x 3 


If two workouts must be placed 24 hours apart, the heavy load should be programmed on day 
one, and the light load should be programmed on day two. The third workout consists of moderate 


or heavy loads, assuming there are 48-72 hours of rest before repeating the weekly cycle. 


Table 17.3 Weekly Structure When Two Full-Body Workouts Are Performed 
24 Hours Apart. 


MONDAY TUESDAY FRIDAY 
Maximal strength Power Hypertrophy 
Full-body circuit Full-body circuit Full-body circuit 
Load: heavy Load: light Load: medium 
Sets x reps: 5 x 4 Sets x reps:5x3 Sets x reps: 3x 8 


If the athlete needs to train three days in a row, followed by four days of rest, a coach can 
follow the same sequence of heavy-light-moderate workouts. However, programming three 


consecutive full-body workouts is not recommended. 


Three full-body workouts per week are optimal for an athlete who lacks global strength, but if 
poorly programmed, this structure can excessively fatigue an athlete. There are four primary 


ways to promote variability and manage fatigue throughout the week. 


1. The athlete can alternate between double-leg and single-leg exercises. 

2. The athlete should avoid programming a heavy double-leg squat or dead lift twice 
in one week. 

3. The athlete should avoid programming a heavy double-leg squat and dead lift in the 
same week. 


4. The athlete should avoid training to momentary muscular failure. 
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TWO FULL-BODY WORKOUTS PER WEEK 
Training a major muscle group twice per week is effective for increasing strength, muscle 
mass, and power and is optimal for in-season athletes. Programming follows the same 


guidelines for three workouts per week but with a few modifications. 


First, each movement pattern, or major muscle group, should be trained with a higher-than- 
normal volume to match the overall volume. A simple strategy is to program two additional 
sets for the three main lifts. This increase in volume applies to off-season athletes and the 
general population. In-season athletes often require the lowest end of the volume range to 


manage fatigue. 


Second, one workout each week should include loads greater than 80 percent of 1RM to 
preserve maximal strength. Third, the two workouts should be spaced as evenly as possible 


throughout the week (e.g., Monday and Thursday). 


Table 17.4 Weekly Structure for Two Full-Body Workouts. 


MONDAY THURSDAY 


Maximal strength Hypertrophy 
Full-body circuit Full-body circuit 
Load: heavy Load: medium 
Sets x reps: 7 x 4 Sets x reps: 5 x 8 


ONE FULL-BODY WORKOUT PER WEEK 


When an athlete can perform resistance training only once each week, a full-body workout is 
optimal. Coaches should program a higher volume than two workouts per week and complete 


all exercises in one or two circuits, both of which should include the following elements: 
+ A mix of heavy and moderate loads 
+ Alternating upper- and lower-body exercises 
+ Alternating push and pull exercises 
+ Alternating double- and single-leg exercises 


+ Placing the most metabolically demanding exercise last in the circuit with an 


extended rest period 
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Here is a sample set of circuits. 

1.1. Pull-up (heavy) 
Rest 90 seconds 

1.2. Reverse lunge (heavy) 
Rest 90 seconds 

1.3. Push-up with band (medium) 
Rest 90 seconds 

1.4. Kettlebell swing (medium) 
Rest 3 minutes 


The athlete should repeat steps 1.1-1.4 for three rounds. 


2.1. One-arm row (heavy) 
Rest 90 seconds 

2.2. One-arm overhead press (medium) 
Rest 90 seconds 

2.3. Goblet squat (medium) 
Rest 3 minutes 


The athlete should repeat steps 2.1-2.3 for three rounds. 


If fewer movement patterns are programmed, an inverse relationship between sets and 
exercises exists. For every movement pattern eliminated, coaches should program two 


additional sets. 


When seven or more sets are programmed, it is necessary to use loads less than 80 percent 


of 1RM to avoid momentary muscular failure. 


UPPER-LOWER WEEKLY TRAINING SPLIT 


Athletes in the off-season may train more often than three times per week with higher 
training volume per muscle group to stimulate hypertrophy. The upper-lower training split is 


an effective option as shown below: 
+ Monday: upper body 
+ Tuesday: lower body 
+ Thursday: upper body 


+ Saturday: lower body 
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This basic structure can be modified, but programming workouts on three consecutive days 
should be avoided. Coaches should program the most important workout first in the week or 


apart from other workouts. 


Table 17.5 Upper-Lower Split Programming with an Upper-Body Emphasis. 


MONDAY 


(UPPER BODY) 


TUESDAY 
(LOWER BODY) 


THURSDAY 
(UPPER BODY) 


SATURDAY 
(LOWER BODY) 


Horizontal pull, H 


Singleteg dead lift, M 


Horizontal pull, M 


Dead lift, H 


Horizontal push, M 


Jump squat, L 


Horizontal push, H 


Single-leg squat, M 


Vertical pull, H 


Hip thrust, M 


Vertical pull, M 


Glute-hamstring 
raise, M 


Vertical push, M 


Calf raise, M 


Vertical push, H 


Calf raise, L 


(H, heavy load; M, moderate load; L, light load) 


Table 17.6 Upper-Lower Split Programming with a Lower-Body Emphasis. 


MONDAY 


(UPPER BODY) 


TUESDAY 


THURSDAY 


SATURDAY 


Horizontal pull, H 


(LOWER BODY) 


Romanian dead lift, H 


(UPPER BODY) 


Vertical pull, M 


(LOWER BODY) 


Squat, M 


Vertical push, M 


Goblet squat, M 


Horizontal push, H 


Singleteg dead lift, H 


Face pull, M 


Step-up, M 


Biceps curl, M 


Reverse lunge, M 


Triceps extension, M 


Calf raise, M 


Vertical push, H 


Calf raise, L 


(H, heavy load; M, moderate load; L, light load) 


Variability may be promoted by using different exercises for each workout throughout the 


week and repeating the same exercises the following week. 


CORE AND ACCESSORY EXERCISES 

A coach can program core activation exercises into a dynamic warm-up to increase spinal 
stability for the demands of the training session to follow. However, if an athlete needs to 
train core exercises with a higher volume or to fatigue, core exercises should be programmed 


at the end of a workout. 
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Single-joint exercises are programmed following hypertrophy guidelines with the exception 
of calf raises. Accessory exercises are performed after the main full-body circuit, take less 
than 15 minutes to complete, and consist of 2- to 3-minute rest periods before repeating 
an exercise. When programming two accessory exercises, a coach should alternate between 


them; when programming three or more, a coach should use a circuit. 


The following accessory exercises are programmed as a set: 


1.1. Face pull for 12 reps 
Rest 60 seconds 

1.2. Hammer curl for 8 reps 
Rest 60 seconds 


The athlete should repeat steps 1.1-1.2 for three rounds. 


The following accessory exercises are programmed as a Circuit: 
2.1. Face pull for 12 reps 
Rest 30 seconds 
2.2. Hammer curl for 8 reps 
Rest 30 seconds 
2.3. Single-leg calf raise for as many reps as possible on each leg 


Rest 30 seconds 


The athlete should repeat steps 2.1-2.3 for three rounds. 
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STRENGTH AND CONDITIONING GUIDELINES 


To review, the guidelines for programming various types of training are listed in table 17.7. 


Table 17.7 Strength and Conditioning Programming Guidelines. 


MAXIMAL STRENGTH 
HYPERTROPHY 
STRENGTH ENDURANCE 
Repetitions 
1-5 6-12 13+ 1-5 
per set 
Number 
of sets (for 
3-5 3-4 1-3 3-5 
an individual 
exercise) 
Rest periods 1-3 minutes 1-3 minutes 1-2 minutes 3-5 minutes 
Rest between a : ; ; : 
; f 3-7 minutes 3-5 minutes 2-5 minutes 3-7 minutes 
single exercise 
2 82 percent of 70-81 percent < 40 percent < 70 percent 
Ideal load 
1RM of 1RM 1RM of 1RM 


DID YOU KNOW 


That for many athletes, larger muscles equate to better performance? Some people gain 


muscle faster than others, and factors such as nutrition, sleep, and stress management 


play essential roles. It is possible to increase muscle cross-sectional area approximately 


10-15 percent in 10-14 weeks of heavy resistance training. 


DOUBLE-PYRAMID 
LOADING: 


Starts with the lowest load, LOADING VARIATIONS 


progresses to the highest 
load, and then regresses 
to the lowest load over 


numerous sets. to promote variability and increase an athlete’s work capacity. A pyramid or reverse pyramid 


There are times when varying the load and repetitions throughout the sets can be beneficial 


can be used. Double-pyramid loading is a hybrid of the two, starting with the lowest load, 


WAVE LOADING: progressing to the highest load, and then regressing to the lowest load over numerous sets. 


Variations of the load or : . : g , g : 
repetitions between one or Wave loading is typically associated with more drastic changes in loading between one or 


more sets. 


more sets and does not follow a pyramid format. 
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SETS 


PYRAMID 


10 reps 


65 percent of 1RM 


TABLE 17.8 COMMON LOADING VARIATIONS. 


LOADING VARIATIONS 


INVERSE 
PYRAMID 


2 reps 


90 percent of 1RM 


DOUBLE PYRAMID 


8 reps 


75 percent of 1RM 


5 reps 


80 percent of 1RM 


8 reps 


75 percent of 1RM 


4 reps 


85 percent of 1RM 


4 reps 


85 percent of 1RM 


2 reps 


90 percent of 1RM 


6 reps 


80 percent of 1RM 


6 reps 


80 percent of 1RM 


2 reps 


90 percent of 1RM 


5 reps 


82 percent of 1RM 


4 reps 


85 percent of 1RM 


8 reps 


75 percent of 1RM 


4 reps 


85 percent of 1RM 


2 reps 


92 percent of 1RM 


2 reps 


90 percent of 1RM 


10 reps 


65 percent of 1RM 


8 reps 


75 percent of 1RM 


8 reps 


78 percent of 1RM 


Ramp loading refers to when the athlete performs the same number of repetitions for each 


RAMP LOADING: 


Ramp loading: performing 


set, using progressively heavier loads. The following is an example of ramp loading: 
the same number of 
repetitions for each set, using 
progressively heavier loads. 


+ Set one: 65 percent of 1RM for five reps 


+ Set two: 70 percent of 1RM for five reps 

+ Set three: 75 percent of 1RM for five reps 
+ Set four: 80 percent of 1RM for five reps 
- Set five: 5RM 


DELOADING 


Athletes will often overreach or overextend themselves to achieve a goal or accelerate their 


results. This can cause overtraining, which is associated with the following outcomes: 
+ A decline in performance over the course of a training cycle 


+ An increased likelihood of illness or injury 
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DELOAD: 


A temporary decrease in 


training volume to promote 
recovery and allow for 
supercompensation. 


A coach can manage fatigue and decrease risk of overtraining by programming a deload into 
each training cycle. A deload is a temporary decrease in training volume to promote recovery 
and allow for supercompensation by reducing the number of sets by 50 percent for a weekly 
training microcycle. Accessory exercises can be eliminated to expand the deload. Advanced 
athletes training with a high volume of repetitions require deloads more frequently than 


novice athletes. The following are guidelines for a deload: 
- Reducing the number of sets 
+ Eliminating accessory exercises 


+ Programming a deload every fourth week for advanced athletes and every sixth 


week for novice athletes 


DID YOU KNOW: 
the recovery process is primarily influenced by an athlete’s training, nutrition, and 
lifestyle? The first step for promoting recovery is to avoid overworking athletes. An 


effective nutrition plan focused on fueling and recovery consists of a balance of calories 


from protein, carbohydrates, and fat. Every athlete should get eight hours of sleep nightly 


and take a 10- to 15-minute nap when possible. Athletes benefit from having a grateful, 


happy, and calm mindset. 
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LEARNING OBJECTIVES 


1 | Determine periodization types applicable to resistance training. 


2 | Understand the training cycles and how resistance-training 


phases apply to programming. 


3 | Explore programming options for strength, hypertrophy, and power 
through the training phases. 
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Periodization is the strategic implementation of specific training phases, which use variables 
such as rest periods, training volume, and exercise selection to focus on adaptations. These 
phases—preparatory, competitive, and transition—are based on an athlete’s season of sport 


or competition. 


PERIODIZATION MODELS 


Periodization models are made up of three different cycles. Macrocycles typically denote a 
calendar year, mesocycles last three to four months at a time, and microcycles can occur one 


to two weeks at a time. 


Table 18.1 Model of a 12-Month Macrocycle. 


JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG SEP | OCT | NOV | DEC 


Macrocycle 
Mesocycle Mesocycle Mesocycle Mesocycle 
13 microcycles 18 microcycles 8 microcycles 13 microcycles 


The athlete trains every month of the year. 


LINEAR PERIODIZATION 


In linear periodization models, an inverse relationship exists between volume and intensity. 


LINEAR PERIODIZATION: In the early stages of the off-season, an athlete performs the highest volume of work with a 
A training progression with an 


inverse relationship between low intensity, and skill and technique training are minimized at this time. During the months 
volume and intensity. 


leading up to the season, intensity and skill training increase as volume decreases. Once 
the season begins, athletes are close to their highest level of intensity and lowest level of 
volume. This helps to build explosive power for their sport while allowing time and energy 
for practice or competition. As the season progresses, volume and intensity decrease to 
manage fatigue while skill training increases. At the end of the season, volume and intensity 


significantly decrease, or training ceases, to promote recovery. 


Table 18.2 Model of Linear Periodization. 


LINEAR PERIODIZATION 


Goal Hypertrophy Maximal strength Power 
Weeks 1-2 3-4 5-6 7-8 9-10 11-12 
Sets x reps 4x12 4x10 exes 5x4 exes BCS) 
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Research demonstrates that linear periodization is effective for short-term training cycles of 


four weeks or less to build one strength quality. 


Linear periodization lacks the training variability necessary to avoid stagnation with intermediate 
to advanced athletes, especially during longer training phases. Another potential shortcoming 
of linear periodization is athletes could potentially lose other fitness qualities when their four- 
or six-week program focuses on a single goal. Therefore, strength and conditioning coaches 


use nonlinear periodization (NLP) to enhance variability, allowing multiple fitness qualities to 


vena NONLINEAR 
be developed simultaneously. PERIODIZATION (NLP): 
NONLINEAR PERIODIZATION Seas eee ma nna 


intensities. 


In an NLP program, training parameters change more frequently than in linear periodization, 
and volume and intensity can fluctuate in an inverse or linear relationship for short periods. 
Research demonstrates that NLP can be more effective than linear periodization for developing 
strength, muscle mass, and power. Training frequency can also be increased with NLP likely 


due to the variability of the stimulus. 


Conjugate periodization consists of training two or more strength qualities during a week and 
works well with powerlifters and explosive athletes. Programs alternate between upper- and Maes 
lower-body workouts throughout the week, allowing athletes to perform higher volumes of PERIODIZATION: 


Training two or more strength 
work for each movement pattern or major muscle group. With nonlinear periodization athletes qualities during a week. 


can improve one fitness quality, such as maximal strength, without losing other strength 


qualities. 


Table 18.3 Model of Conjugate Periodization. 
CONJUGATE PERIODIZATION 


MONDAY WEDNESDAY FRIDAY SUNDAY 


Lower body Upper body Lower body Upper body 
(maximal strength) (maximal strength) (explosive strength) (explosive strength) 


Example: Example: Example: Example: 
Squat or dead lift Bench press Squat or dead lift Bench press 
variation with 90 variation with 90 variation with 50 variation with 50 

percent of 1RM percent of 1RM percent of 1RM percent of 1RM 
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The following are two key principles to promote variability within a nonlinear training plan: 
1.A coach should program exercise variations every one to two workouts when the 
load remains constant from workout to workout. 


2.A coach should program exercise variations every six to eight workouts when the 


load varies from workout to workout. 


UNDULATING 
PERIODIZATION: 


Undulating periodization varies in volume and intensity during each workout or week. With 
a training program varying 
volume and intensity during 
each workout or week. 


daily undulating programs, the parameters change each day or in each workout. With weekly 


undulating programs, the parameters change each week. 


Table 18.4 Model of Undulating Periodization. 
UNDULATING PERIODIZATION 


MONDAY WEDNESDAY FRIDAY 
Full body Full body Full body 
(maximal strength) (explosive strength) (hypertrophy) 

Example: Example: Example: 

1.1. Pull-up 1.1. One-arm row 1.1. Bent-over row 
1.2. Dip 1.2. Push-up 1.2. Overhead press 

1.3. Dead lift 1.3. Jump squat 1.3. Reverse lunge 

5 x 5 with 80 percent of 1RM 6 x 3 with 50 percent of LRM | 4 x 10 with 70 percent of 1RM 
TAPERING 


To counteract training fatigue, an athlete’s training can often be tapered to achieve peak 


performance at the time of competition. 


Figure 18.1 Model of Nonlinear Periodization with Tapering. 


This sample of undulating periodization depicts 
frequent changes in volume and intensity in 

a wavy pattern over the course of 14 weeks. 
Peak performance is achieved shortly after a 
significant decrease in intensity and volume 
(tapering). In many cases, training will briefly 
cease after an event to promote recovery. 
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high 


low | Skill training (technique) 


0 weeks 


14 


PREPARATION PHASE PROGRAMMING (PRESEASON) 
The preparation phase consists of the following three components, each relating to a level of 
specificity for a given sport: 

+ General physical preparation (GPP) 

+ Specific physical preparation (SPP) 

+ Sport-specific preparation (SSP) 


The GPP component consists of activities that are not specific to the demands of a sport 
(e.g., multijoint hypertrophy training). The SPP component involves activities more specific to 
the demands of the sport and focuses on fitness qualities such as single-leg strength and 
explosive power in the posterior chain. The SSP component consists of exercises closely 


mimicking movements and fitness qualities a sport requires. 


Table 18.5 Three Components of Strength Preparation for an Ice Hockey Athlete. 


THREE COMPONENTS OF STRENGTH PREPARATION 


General physical preparation 


Goal: develop basic components of fitness 


Example: increase maximal strength of dead lift 


Specific physical preparation 


Goal: develop strength in movements enhancing sport performance 


Example: increase maximal strength of single-leg dead lift 


Sport-specific preparation 


Goal: develop explosive strength and power in sport-specific movements 


Example: perform sprints on a slide board 


GPP SPP and SSP are not distinct phases of training but rather components of physical 
preparation. The percentage of time an athlete devotes to GPP diminishes as their season 
approaches. Sport-specific activities begin to dominate as the preparation phase progresses, 


with SPP and SSP playing greater roles. 
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Programming starts by dividing the length of the athlete’s preparation phase into thirds. 
For example, a 24-week preparation phase consists of three eight-week divisions. Athletes 
perform three full-body workouts each week, allowing sufficient time during the week to 


program endurance training. 


GPP PHASE 


In the early stages of the preparation phase, a relatively high volume of work is programmed 
to build general fitness and prepare the athlete’s connective tissues and soft tissues for the 
demands of explosive training. Multijoint strength exercises (e.g., dead lift, pull-up, and dip) 
are performed to gain muscle and strength, as activities such as hiking, jogging, or cycling 
are performed for general fitness. Training intensity is moderate, and skill training is often 


kept to a minimum, if at all. This phase is referred to as the hypertrophy phase. 


Week 1 


The program for week 1 should follow these general guidelines: 


+ Three full-body workouts with progressively lighter loads throughout the week 


within the maximal strength and hypertrophy loading ranges 
+ Four sets of each exercise for strength training, avoiding momentary muscular failure 


+ Three 30-second sets for conditioning exercises, such as a sled push, and 


abdominal work with a 7/10 rate of perceived exertion (RPE) 


+ Different exercises programmed for each workout 
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Table 18.6 Microcycle with GPP Emphasis. 
WEEK 1: GPP EMPHASIS 


MONDAY 


WEDNESDAY 


FRIDAY 


Full body 
(maximal strength) 


Full body 
(hypertrophy) 


Full body 
(hypertrophy) 


Load: 82 percent of LRM 
Reps: 4 
1.1. Pull-up 
Rest 90 seconds 
1.2. Push press 
Rest 90 seconds 
1.3. Dead lift 
Rest two minutes, repeat 


four rounds 


Intensity: 7/10 RPE 

2.1. One-arm carry variation 
for 15 seconds, each side 
Rest two minutes 

2.2. Bear crawl for 30 seconds 
Rest two minutes, repeat 


three rounds 


Load: 74 percent of 1RM 
Reps: 9 
1.1. One-arm row 
Rest 90 seconds 
1.2. Dip 
Rest 90 seconds 
1.3. Split squat 
Rest two minutes, 
repeat four rounds 
Intensity: 7/10 RPE 
2.1. Sled push with arms 
extended for 30 seconds 
Rest two minutes 
2.2. Side plank for 30 seconds 
Rest two minutes, repeat 


three rounds 


Load: 70 percent of 1RM 
Reps: 11 
1.1. High-pulley row 
Rest 90 seconds 
1.2. Loaded push-up 
Rest 90 seconds 
1.3. Goblet squat 
Rest two minutes, repeat 
four rounds 
Intensity: 7/10 RPE 
2.1. Two-arm carry variation 
for 30 seconds 
Rest two minutes 
2.2. Bear crawl for 30 seconds 
Rest two minutes, repeat 


three rounds 


Using RPE for programming allows a coach to subjectively control an athlete’s intensity and 


provide a model for progressions. 


Week 2 


Volume progression includes the following: 


+ Load remains constant for all exercises 


+ Five sets of each strength or hypertrophy exercise, avoiding momentary muscular failure 


+ Three 35-second sets at 7/10 RPE for conditioning exercises and abdominal work 
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Week 3 
The following includes volume progression with a minimal increase in intensity: 
+ Load remains constant for all exercises 
+ Six sets of each strength or hypertrophy exercise, using maximum acceleration 
for sets two and four 


+ Three 40-second sets at 7/10 RPE for conditioning exercises and abdominal work 


Week 4 (Deload) 

After significantly increasing volume over the course of three weeks, the athlete is often 
ready for a deload of approximately 30 percent of training volume. The intensity should be 
high during these shorter workouts since it is not intended as a week off. During the deload 
week, the athlete performs more moderate-intensity GPP exercises, such as skipping rope or 


swimming. The following is an example of a deload: 


- Week 2 parameters repeated 


- Maximum acceleration of lifts during sets two and four 


Figure 18.2 Escalating Volume Progression and Deload. 


high 


VOLUME 
This sample model consists of three 


consecutive weeks of a volume 
progression, followed by a one-week 
decrease in volume (deload) of 
approximately 30 percent. 


low 


WEEKS 
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Week 5 


Week 5 begins as the same basic four-week cycle presented above while programming a 


lower overall volume. To promote variability, a coach can program a new variation of each 


strength or hypertrophy exercise or move the current exercises to another day. Each exercise 


is programmed only once per week. The following is an example of lower overall volume: 


+ Increased load 2 percent for each workout 


- Decreased reps per set by one for maximal-strength workouts and by two for 


hypertrophy workouts 


+ Three 30-second sets at 8/10 RPE for conditioning exercises and abdominal work 


Table 18.7 Microcycle with GPP Emphasis for Week 5. 


MONDAY 


WEEK 5: GPP EMPHASIS 


WEDNESDAY 


FRIDAY 


Full body 
(maximal strength) 


Full body 
(hypertrophy) 


Full body 
(hypertrophy) 


Load: 84 percent of LRM 
Reps: 3 
1.1. Bent-over row 
Rest 90 seconds 
1.2. Incline bench press 
Rest 90 seconds 
1.3. Step-up 
Rest two minutes, 


repeat four rounds 


Intensity: 8/10 RPE 
2.1. Overhead-carry 
variation for 30 
seconds 
Rest two minutes 
2.2. Bear crawl for 30 
seconds 
Rest two minutes, 


repeat three rounds 


Load: 76 percent of IRM 
Reps: 7 
1.1. Pull-up 
Rest 90 seconds 
1.2. Dip 
Rest 90 seconds 
1.3. Romanian dead lift 
Rest two minutes, 


repeat four rounds 


Intensity: 8/10 RPE 

2.1. Sled push, shoulders 
on pads, for 30 
seconds 
Rest two minutes 

2.2. Side plank for 30 
seconds 
Rest two minutes, 
repeat three rounds 


Load: 72 percent of LRM 
Reps: 9 
1.1. One-arm row 
Rest 90 seconds 
1.2. Overhead press 
Rest 90 seconds 
1.3. Reverse lunge 
Rest two minutes, 


repeat four rounds 


Intensity: 8/10 RPE 
2.1. One-arm carry for 30 
seconds 
Rest two minutes 
2.2. Bear crawl for 30 
seconds 
Rest two minutes, 


repeat three rounds 
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mm Week 6 


The following should be programmed: 
+ Five sets of each strength or hypertrophy exercise, avoiding momentary muscular failure 
+ Three 35-second sets at 8/10 RPE for conditioning exercises and abdominal work 


Week 7 


The following should be programmed: 
+ Six sets of each strength or hypertrophy exercise, avoiding momentary muscular failure 
+ Three 40-second sets at 8/10 RPE for conditioning exercises and abdominal work 


Week 8 (Deload) 


+ Week 6 parameters repeated 

- Maximum acceleration during sets two and four 
SPP PHASE 
In this phase athletes begin training with more intensity and a greater percentage of 
1RM while alternating training volume each week. Technique training begins to gradually 
increase as athletes spend more time practicing their sport. New variations of exercises are 


programmed with a greater percentage being more specific to the demands of the sport. The 


SPP phase is referred to as the strength phase. 


Week 9 


A coach should program within the following general guidelines: 


+ Three full-body workouts with maximal-strength loads on Monday and Friday and 


hypertrophy load on Wednesday 
+ Six sets of each exercise for strength training, avoiding momentary muscular failure 
+ Three 20-second sets at 7/10 RPE for conditioning exercises and abdominal work 
+ Jumps in the conditioning portion of one or two workouts 


- Different exercises for each workout 
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Table 18.8 Microcycle with SPP Emphasis for Week 9. 
WEEK 9: SPP EMPHASIS 


MONDAY WEDNESDAY FRIDAY 
Full body Full body Full body 
(maximal strength) (hypertrophy) (maximal strength) 


Load: 82 percent of LRM 
Load: 74 percent of LRM 


Load: 86 percent of LRM Reps: 4 
? Reps: 8 
Reps: 3 5 1.1. Pull-up, neutral grip 
1.1. Pull-up, overhand grip fet Onee Rest 90 seconds 
Rest 90 seconds a qo DS 
1.2. One-arm bench press 
172, Push press i Rest 90 seconds 
Rest 90 seconds Bese secs 4.3. Sumo dead lift 
1.3. Reverse lunge ee SIME TEE GOIN! Rest two minutes, 
4 Rest two minutes, 
Rest two minutes, A ; repeat six rounds 
f repeat six rounds 
repeat six rounds 2 Intensity: 7/10 RPE 
Intensity: 7/10 RPE 
Intensity: 7/10 RPE ZT IW at cally 


2.1. Turkish get-up for two an 
2.1. Jumps for five reps ee r] variation for 20 


OE Who taUlete Rest two minutes seconds 
2.2. Stir the pot for 20 2 Suing tor 20 Rest two minutes 
seconds nE 2.2. Loaded crawl for 20 
seconds 


PESE YOONG Rest two minutes 
a eel iua eU repeat three rounds RESTO mimus 


repeat three rounds 


Week 10 

A coach should program within the following general guidelines: 
+ Three sets for each strength and hypertrophy exercise to reduce volume by 50 percent 
+ Three 25-second sets at 7/10 RPE for conditioning exercises and abdominal work 


- A greater volume of moderate-intensity GPP exercises during the week, such as hiking 


or basketball 
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Week 11 
Week 9 parameters should be repeated with one modification: 
+ Three 25-second sets at 8/10 RPE for conditioning exercises and abdominal work 


Week 12 (Deload) 


Week 10 parameters should be repeated with two modifications: 


+ Decreases load 2 percent for all workouts 
+ Maximum acceleration for sets two and three 


This four-week model of high-medium-high volume followed by a deload week has been shown 


to be effective for increasing maximal strength. 
Figure 18.3 High-Medium-High Volume and Deload. 


high 


VOLUME 
This general model has been shown to be 
effective for increasing maximal strength. 


low 


WEEKS 


Week 13 


Week 11 parameters should be repeated with one modification: 


- Maximum acceleration during sets two and four 


Week 14 


Week 10 parameters should be repeated with one modification: 


+ Three 25-second sets at 8/10 RPE for conditioning exercises and abdominal work 
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Week 15 


The following should be programmed: 


+ Three sets of each strength and hypertrophy exercise 
+ One additional rep in the first set of each exercise 


Week 16 (Deload) 


Week 12 parameters should be repeated with the following modifications: 


+ Maximum acceleration during sets one and two 


+ Three 20-second sets at 9/10 RPE for conditioning exercises and abdominal work 


SSP PHASE 

Training volume in the SSP phase is lower than in the SPP phase, and athletes achieve a high 
intensity by applying maximal acceleration to the lifts where noted. Sport-specific conditioning 
exercises (SSCE) are performed in 10- or 15-second bursts using drills closely mimicking 
movements in the athlete’s sport. Sprints and medicine ball work can be programmed 
in place of SSCE. Athletes can benefit from wearing a weighted vest, ankle weights, or a 
miniband above their knees, and jump training progresses to more challenging variations, 


such as depth jumps. 


DID YOU KNOW: 


For power athletes, jump training can be an effective tool to improve explosive strength, 
RFD, and reactive strength. Jump training begins by having athletes jump onto a box or 
elevated surface. A common box height used in the early stages is 24 inches. Jumping 
onto an elevated surface reduces the high-impact forces associated with landing and 


allows the athlete to train with a relatively high frequency (every other day). 


Over time the box height progressively decreases approximately two to four inches per 


week, allowing the athlete’s joints and soft tissues to adapt to impact forces. Eventually, 


the athlete can safely perform consecutive jumps while landing on the ground. 
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Week 17 


A coach should program within the following general guidelines: 
+ Three full-body workouts, each with parameters for maximal strength, power, or hypertrophy 
+ Three 20-second sets at 7/10 RPE for conditioning exercises and abdominal work 


+ Jumps in the conditioning portion of one or two workouts to prepare the athlete 


for explosive power in the following phase 


+ Different exercises in each workout 


TABLE 18.9 MICROCYCLE WITH SSP EMPHASIS FOR WEEK 17. 
WEEK 17: SSP EMPHASIS 


MONDAY WEDNESDAY FRIDAY 
Full body Full body Full body 
(maximal strength) (power) (hypertrophy) 
Load: 86 percent of 1RM Load: 65 percent of LRM Load: 74 percent of 1RM 
Reps: 2 Reps: 4 Reps: 10 
1.1. Pull-up 1.1. Hang power snatch 1.1. One-arm high-pulley row 
Rest 90 seconds Rest 90 seconds Rest 90 seconds 
1.2. One-arm shoulder press} 1.2. Incline bench row 1.2. Incline bench press 
Rest 90 seconds Rest 90 seconds Rest 90 seconds 
1.3. Single-leg dead lift 1.3. Plyometric push-up 1.3. Goblet squat 
Rest two minutes, repeat Rest two minutes, Rest two minutes, repeat 
six rounds repeat eight rounds four rounds 
Intensity: 7/10 RPE Intensity: 7/10 RPE Intensity: 7/10 RPE 
2.1. Jumps for three reps 2.1. Loaded carry for 2.1. SSCE for 15 seconds 
Rest two minutes 15 seconds Rest two minutes 
2.2. SSCE for 15 seconds Rest two minutes 2.2. Jumps for two reps 
Rest two minutes, repeat | 2.2. Turkish getup for two reps Rest two minutes, repeat 
three rounds Rest two minutes, repeat three rounds 
three rounds 


Week 18 


A coach should program within the following general guidelines: 
+ Sets reduced by 50 percent for circuit exercises 
+ 8/10 RPE for conditioning exercises 
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Week 19 


Week 17 parameters should be repeated with one modification: 
- 7/10 RPE and one added rep or five extra seconds to conditioning exercises 


Week 20 (Deload) 


Week 18 parameters should be repeated with two modifications: 
+ One fewer rep for all circuit exercises 
+ Maximum acceleration for all reps 


Week 21 


This final four-week plan follows the same pattern of the previous four weeks with 


approximately 15-20 percent less training volume. To reduce volume, coaches can program 


full-body workouts consisting of two exercises instead of three. 


Table 18.10 Microcycle with SSP Emphasis for Week 21. 


MONDAY 


WEEK 21: SSP EMPHASIS 


WEDNESDAY 


FRIDAY 


Full body 


(maximal strength) 


Full body 


(power) 


Full body 
(hypertrophy) 


Load: 88 percent of LRM 
Reps: 2 
1.1. Dead lift 
Rest 90 seconds 
1.2. Push press 
Rest two minutes, 


repeat seven rounds 


Intensity: 7/10 RPE 

2.1. Jumps for three reps 
Rest two minutes 

2.2. SSCE for 15 seconds 
Rest two minutes, 


repeat three rounds 


Load: 60 percent of 1RM 
Reps: 4 
1.1. Power clean 
Rest 90 seconds 
1.2. Explosive push-up 
Rest two minutes, 


repeat nine rounds 


Intensity: 7/10 RPE 

2.1. Loaded carry for 
15 seconds 
Rest two minutes 

2.2. Turkish getup for two reps 
Rest two minutes, 


repeat three rounds 


Load: 74 percent of 1RM 
Reps: 10 
1.1. Kettlebell swing 
Rest 90 seconds 
4.2. Dip 
Rest two minutes, 


repeat five rounds 


Intensity: 7/10 RPE 

2.1. SSCE for 15 seconds 
Rest two minutes 

2.2. Jumps for two reps 
Rest two minutes, 


repeat three rounds 


ISSA | Strength & Conditioning | 387 


CHAPTER 18 | TRAINING PERIODIZATION 


Week 22 

A coach should program within the following general guidelines: 
+ Number of sets reduced by approximately 50 percent for circuit exercises 
+ 8/10 RPE for conditioning exercises 

Week 23 

Week 21 parameters should be repeated with one modification: 
- Rest periods decreased to 90 seconds between conditioning exercises 


Week 24 (Deload) 
+ Number of sets for circuit exercises reduced to Monday 3 sets x 2 reps, Wednesday 


4 sets x 4 reps, and Friday 2 sets x 10 reps 
+ Maximum acceleration for all reps 
+ 8/10 RPE for conditioning exercises 


This 24-week example of a preparation phase may apply to a wide array of athletes, and 
a coach may use any combination of parameters for each strength quality following the 


guidelines for maximal strength, hypertrophy, or power. 


Figure 18.4 Sample 24-Week Model of Fluctuating Volume. 


high 


VOLUME 


This model can be scaled to match the length of any preparation phase using the basic 
pattern. The relative difference in volume (size of the bars) from week to week can be 


interpreted from this chart. 
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COMPETITION PHASE PROGRAMMING (IN SEASON) 


In sports such as basketball, football, and baseball, the competition period lasts several 
months. When a season begins, athletes are often close to their peak level of performance, 
and injuries are rare. A high intensity of strength or power training can be performed, and 
some further improvements in strength and conditioning are possible. However, as the season 
progresses, physical and psychological demands of the sport often cause excessive fatigue 
and injuries. Athletes may lack the physical and metabolic health necessary to recover from 
workouts performed earlier in the season. Given the physical and psychological stressors of 
competition, athletes who compete one or more times per week are unlikely to improve their 
performance. Therefore, the primary goal of in-season training is to maintain the strength and 
conditioning qualities developed in the preparation phase. The three primary components for 


programming in-season training are as follows: 


+ Two full-body workouts per week are programmed using basic strength exercises. 


+ The low end of strength and hypertrophy parameters is emphasized, using as 


much variability as possible. 
+ The workouts are programmed as far away from competition as possible. 


Efficiency is an essential aspect of programming in-season training. A full-oody workout is 
programmed twice per week when possible. Programming should rotate between maximal 
strength and hypertrophy training to maintain strength and muscle mass. Training volume is 


kept low to manage fatigue as follows: 
+ Maximal strength: three sets of three to five reps with more than 82 percent of 1RM 


+ Hypertrophy: three sets of 6-12 reps with 70-80 percent of 1RM 


In many cases, training specifically for power or speed with relatively heavy loads during 
this phase is unnecessary due to athletes receiving plenty of high-velocity training during 
practice and competition. If this does not apply, parameters for power development should 


be included, one workout per week or every other week, as follows: 


+ Power: three sets of three—five reps with less than 60 percent of 1RM 


Medicine ball exercises may be implemented during in-season training to maintain power 
since they may be less stressful to the joints than variations of Olympic lifts. Five to ten 


minutes of medicine ball exercises twice per week is sufficient. 
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Hypertrophy training can create more residual fatigue than strength training and should be 
programmed as far from competition as possible. Ideally, maximal-strength workouts are 
performed more than 48 hours before competition, and hypertrophy workouts more than 72 
hours. For athletes competing multiple times per week, rest periods of 48 or 72 hours may 
not be possible, and coaches may consider programming one full-body workout per week or 
one upper-lower split. Rotating between strength and hypertrophy each week, or combining 
them into one workout, may be beneficial. Research suggests training each major muscle 


group once per week is sufficient to maintain strength and muscle mass. 


Explosive athletes may not need to train speed or power during their resistance-training 


BLOCK PERIODIZATION: 


Training periods of two to four 


circuits while in season. They may benefit from block periodization, a programming strategy 


weeks focused on a single to develop or maintain one strength quality over the course of two to four weeks. An example 
strength quality. 


of this is a three-week phase of 3 sets x 3-5 reps twice per week with loads varying between 
80 and 90 percent of 1RM to develop maximal strength, followed by a new block and goal, 


such as a two-week phase of 3 sets x 6-12 reps to maintain muscle mass. 
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LEARNING OBJECTIVES 


1 | Define the types of cardio and endurance training. 
2 | Explain endurance in cardio training. 


3 | Explore cardio programming for preseason and 


in-season athletes. 


4 | Apply interval training to endurance goals. 
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ENDURANCE TRAINING: 


Training of the aerobic energy 
system. 


GLYCOLYTIC STRESS: 


The cellular metabolic stress 
created by glycolysis. 


ANTIGLYCOLYTIC 
TRAINING: 


Training with shorter duration and 
additional rest periods to avoid 
relying on the glycolytic pathway 
for cellular energy metabolism. 


BUFFERING CAPACITY: 


The ability to clear excess 
protons from the intracellular 
and extracellular spaces. 


Cardiorespiratory training benefits all athletes to varying degrees. Based on the demands of 
an athlete’s sport, the type of cardiovascular training programmed by a coach will vary. While 
not all athletes require extreme endurance, endurance training refers to training the aerobic 
energy system rather than the anaerobic energy systems. Many methods of endurance 


training will benefit all athletes. 


GLYCOLYTIC AND ANTIGLYCOLYTIC TRAINING 


Glycolysis is the breakdown of glucose to form energy. If glycolysis occurs at a high rate for 
an extended time, it can lead to metabolic acidosis, a condition associated with fatigue and 
reduced athletic performance. Strength and conditioning coaches in the United States have 
often programmed cardio-training parameters intended to create high levels of metabolic 
acidosis in athletes, similar to Tabata or intense bouts of exercise with minimal rest periods. 


The parameters push athletes to work through extreme fatigue to adapt to glycolytic stress. 


Professor Yuri Verkhoshansky of Russia performed extensive research on the concept of 
antiglycolytic training. Antiglycolytic training avoids metabolic fatigue by shortening the 
duration of training with additional rest periods to ensure ATP is the primary source of energy, 
not the process of glycolysis. This occurs when an athlete increases anaerobic power with 
strength, power, and hypertrophy parameters; introduces high-intensity interval training; and 


continuously trains to increase speed below the anaerobic threshold. 


Both training techniques have been shown to be effective, but a coach must understand 
that training parameters inducing manageable levels of metabolic acidosis are necessary 
to improve an athlete’s buffering capacity. However, programming to produce unnecessarily 
high levels of metabolic acidosis is not recommended due to the stress it can place on an 


athlete’s health and performance. 


ACIDOSIS AND FATIGUE 


During continuous activity lasting longer than a few seconds, athletes obtain energy to fuel 
their efforts by metabolizing glucose through glycolysis and fat through beta-oxidation. Fat 
is the primary fuel during low-intensity aerobic activities performed for long periods of time. 
When athletes primarily use fat for energy, they can maintain their performance because it 
does not create metabolic acidosis. Glucose metabolism dominates during moderate- to 
high-intensity anaerobic activities. If this glycolysis continues at a high rate, it can lead to 


metabolic acidosis, causing a loss of strength, speed, and overall performance. 
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Performance can be maintained for as long as acidosis is controlled. Acidosis occurs when 
protons (H+) accumulate in the blood, which is also accompanied by an increase in blood 
lactate. This lactate threshold is the point when aerobic work is highest before lactate 
accumulates. Any intensity above the lactate threshold is where aerobic metabolism is taken 
over by anaerobic processes. A primary goal of endurance training is to develop an athlete’s 
ability to perform their sport below the lactate threshold, primarily using fat for energy and 
avoiding acidosis. However, virtually every sport from soccer to basketball to running a 
marathon requires athletes to work above their lactate threshold at some point during the 
event, which can quickly lead to fatigue. Endurance athletes must train their body to avoid 


acidosis, or buffer it, as efficiently as possible. 


COMPONENTS OF ENDURANCE 


Endurance is the ability to sustain strength, speed, and overall performance with minimal 
fatigue. Optimal endurance requires physical and psychological development. The following 
are two important factors determining an athlete’s endurance levels: functional capacity and 


tolerance to unfavorable situations. 


An athlete’s functional capacity is determined by the development of three energy systems 
and technique. The three energy systems are the phosphocreatine system anaerobic 
glycolysis, and aerobic metabolism. Technique development is essential to minimize fatigue 
by avoiding unnecessary muscle activation during athletic endeavors, like throwing, sprinting, 
and jumping. Tolerance to unfavorable situations requires physiological and psychological 
attributes. Physiological attributes consist of an athlete’s ability to manage their blood and 
tissue pH during internal conditions of hypoxia or hypercapnia. Psychological attributes 


depend on an athlete’s ability to mentally and emotionally deal with the stressors of 


competition. HYPOXIA: 


low oxygen levels in the blood. 


The guidelines for programming strength, hypertrophy, and power can be sufficient for 
explosive athletes who do not require much endurance, like a powerlifter. However, most HYPERCAPNIA: 


athletes need endurance to either perform for long periods of time or recover quickly between excess carbon dioxide in the 
blood. 


bouts of activity. 
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LOCAL MUSCULAR 
ENDURANCE: 


The ability of a group of muscles 
to work continuously. 


CONTINUOUS TRAINING: 


Low-intensity and long-duration 
training. 


INTERVAL TRAINING: 


Short-duration and high-intensity 
training. 


AEROBIC BASE: 


The baseline levels of capillary 
and mitochondrial density 


resulting from large volumes 
of low- to moderate-intensity 
training. 


LOCAL MUSCULAR ENDURANCE 


Local muscular endurance is primarily determined by the number of capillaries and 
mitochondria and the amount of myoglobin and oxidative enzymes in the region. Of the three 
primary fiber types, type | fibers naturally have high concentrations of each, giving them 
superior endurance capabilities. Type lla fibers are high in mitochondria and myoglobin but 
lower in capillary density. Type IIx fibers, responsible for the most powerful athletic movements, 
have the lowest amount of capillaries, mitochondria, and myoglobin. A properly programmed 
endurance-training plan will develop all three fiber types, which require a range of training 


parameters from long-duration, low-intensity activity to brief bouts of maximal activity. 


TYPES OF ENDURANCE TRAINING 


There are two primary types of endurance training: continuous training and interval training. 
Continuous training is performed at a relatively low intensity from start to finish without 
stopping, such as a 30-minute jog or 45 minutes on an elliptical machine. Interval training 
consists of two or more bouts of moderate- to high-intensity exercise with a period of rest 
between each. For example, a swimmer might perform eight 50-meter sprints with 90 seconds 
of rest between each. Both types of training are beneficial for developing endurance and can 


be programmed for any athlete. 


Different athletes require different types of endurance. Cyclists, rowers, and marathon 
runners, for example, depend on continuous activity of their type | muscle fibers to sustain 
low-force output for hours at a time. Conversely, football and ice hockey players must recruit 
type IIx muscle fibers to produce explosive power for mere seconds at a time, meaning their 


endurance is the ability to repeat high-force output throughout a game or competition. 


Continuous, low-intensity activities are programmed to develop an athlete’s type | muscle 
fibers and aerobic base, which accelerates recovery and provides numerous benefits. Interval 
training with moderate- or high-intensity activities is programmed to develop the athlete’s 
anaerobic systems and type II muscle fibers. One type of interval training, known as high- 
intensity interval training (HIIT) in the United States, usually consists of activities like sprints 
and sled work, which can create excessive fatigue if programmed improperly. Programming HIIT 
with optimal exercises and durations is key to effectively develop an athlete’s performance. 
The level of fatigue created by interval training, or any other type of exercise, depends on the 
following three factors: 

+ Duration and intensity of effort 

* Rest periods (between bouts of activity during a workout and between workouts) 


- Psychological state of the athlete 
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An athlete who sprints at maximum velocity for 10 seconds while being mentally calm will 
recover significantly quicker than when sprinting to avoid a life-threatening situation. This also 


demonstrates the need for low-stress training environments for athletes. 


A coach can compare an athlete’s recovery capacity to a bucket holding a specific amount 


RECOVERY CAPACITY: 


of water before it spills over. In this case, water represents anything creating fatigue, such 
The ability to recover from 
as resistance training, interval training, or psychological stress. Of those three components strenuous activity. 


creating fatigue, the only one not necessary is psychological stress. Every athlete has a 
limited capacity to recover, so unnecessary mental stress should be avoided inside and 
outside the gym. Athletes should be encouraged to train while listening to music they enjoy 
or to engage in good-natured banter during workouts. When athletes are not training, they 
should be encouraged to engage in daily stress-management activities, such as meditation 


and mindfulness. 


BENEFITS OF DEVELOPING AN AEROBIC BASE 


Most athletes benefit from periods of aerobic training, even those who compete in sports 
relying heavily on anaerobic power. Aerobic metabolism will not play a significant role during 
a competition lasting less than 10 seconds, followed by seven or more minutes of rest, like 


in powerlifting or shot put. 
The following are six ways an athlete can benefit when their aerobic base is developed: 


- Recovering more quickly between bouts of high-intensity activity 
- Recovering more quickly between competitions throughout the week 
+ Managing glycolytic stress during training and competition 


+ Managing fat for fuel, which minimizes or avoids acidosis and provides a virtually 


endless supply of energy 


+ Increasing heart rate variability 


HEART RATE VARIABILITY: 


+ Avoiding mental fatigue 
He variations in time intervals 


A well-developed aerobic base generally requires 10-12 weeks of training. Starting athletes between heartbeats. 


on low-intensity exercise as soon as possible after the competition or season ends is 
recommended. For example, a college football wide receiver might take a month off from 
intense training after the season ends and then begin aerobic base training in January to 
prepare for the season starting in September. Athletes who are many months from competition 
can perform more nonspecific aerobic activities, such as hiking, cycling, and swimming, to 
add variety. However, as the season approaches, they should perform aerobic work closely 


mimicking the required movements of their sport. 
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MAXIMUM AEROBIC 
HEART RATE (MAHR): 


The maximum heart rate an 
athlete can achieve without 
crossing their anaerobic 
threshold. 


180 FORMULA: 


The formula to estimate an 
athlete’s maximum aerobic 
training heart rate—that is, 180 
minus their age. 


AEROBIC POWER: 


The ability of the muscles to use 
oxygen from the heart and lungs 
to produce energy. 


Football requires high levels of explosive power with the average play lasting less than 10 
seconds. However, football players must repeat their efforts quickly thereafter, which are 
supported by a well-developed aerobic base. Baseball is also primarily anaerobic since 
players often rest between plays and must be explosive when swinging a bat, sprinting to 
first base, or chasing a fly ball. Even though little aerobic endurance is needed for a single 
game, baseball players often have games multiple times per week for months at a time. This 


requires efficient recovery processes, which depend largely on the athlete’s aerobic base. 


Mental fatigue can be a huge burden to athletes, causing poor cognition and faulty movement 
patterns. One cause of mental fatigue is an excessive reliance on glucose instead of fat 
for energy, since the primary fuel for the brain—glucose—is diverted for energy production. 
Developing an athlete’s aerobic base helps them better manage fat for energy and improve 


oxygen delivery to the brain. 


TRAINING FOR AEROBIC POWER 


Aerobic training should be performed significantly above an athlete’s resting heart rate but 
low enough to avoid acidosis. A simple way to determine whether athletes are training with 
their maximum aerobic heart rate (MAHR) is using the 180 formula. The athlete’s age is 
subtracted from 180 to determine the maximum heart rate they should reach during aerobic 
training for 30-60 minutes. For example, a 22-year-old soccer player would perform their 
endurance training below 158 beats per minute (bpm) while wearing a heart rate monitor. 
The goal is for athletes to maintain an activity level within 10 bpm below the maximum heart 
rate, such as 148-158 bpm for this soccer player. This MAHR range ensures their intensity 
is high enough to improve aerobic power but low enough to avoid the anaerobic threshold. 
Over the course of weeks and months of frequent aerobic training, athletes will develop more 
mitochondria, capillaries, and myoglobin within their hypertrophied type | muscle fibers and 
improve their stroke volume. These adaptations can increase the athlete’s aerobic base, 
allowing them to perform their sport at a faster pace while maintaining the recommended 


heart rate range. 


A primary goal of aerobic training is to condition athletes to perform at their required level with 
the lowest possible heart rate. For example, eight weeks from the start of a season, a soccer 
player might have an average heart rate of 150 bpm during an hour-long practice. When the 
season starts, however, they can achieve the same level of performance for an hour with an 


average heart rate of 135 bpm, producing less stress on the body. A lower average heart 


ISSA | Strength & Conditioning | 398 


rate during competition helps athletes retain their muscle glycogen, balance, coordination, 
and quickness and demonstrates why monitoring an athlete’s heart rate during practice and 


training is one of the most beneficial tools for a strength and conditioning specialist. 


The 180 formula is less ideal for athletes who are extremely out of shape, are recovering 
from an injury, or have low resting heart rates, like 45 bpm or less. During aerobic training, 
athletes should be able to pass the talk test, meaning they can carry on a conversation 
while exercising. Keeping a record of their heart rate will show they can exercise faster at 
that same heart rate or repeat the same performance at a lower heart rate after three or 


four weeks. 


MEASURING AEROBIC DEVELOPMENT 


Sports are either cyclic or acyclic in nature. A cyclic sport consists of the same movement 


CYCLIC SPORT: 


A sport with the same 


performed repetitively and continuously, such as running, cycling, or rowing. An acyclic sport 


relies on random, non-repetitive motions, like football, basketball, hockey, and volleyball. WE P repetitively 
and continuously. 


Cyclic athletes can easily maintain their heart rate within the narrow MAHR range. For these 


athletes, aerobic training consists of performing their sport at the MAHR range months away ACYCLIC SPORT: 
a sport with random, 
from competition while monitoring progress every three or four weeks. A coach can evaluate non-repetitive motions. 


their progress by comparing distance traveled and the amount of time needed. For example, 
a cyclist training for a triathlon might complete a 50-mile bike ride for one workout within 
the MAHR range. A coach can record the time taken to complete the distance and then 
compare it to the same distance three or four weeks later. Over time, positive adaptations 
from training should allow them to complete the distance in less time within the same MAHR 
range. If athletes cannot achieve their MAHR during training, a coach can use the heart rate 


achieved and then compare their time of completion three or four weeks later. 


Acyclic athletes perform in sports often requiring frequent bouts of accelerating, stopping, 
changes of direction, or cutting. This causes more difficulty to maintain a heart rate range 
within 10 bpm, and athletes might frequently exceed their MAHR. In that case, a coach can 
record their average heart rate during a specific set of drills as well as record their peak heart 
rate. Three to four weeks later, they should be able to replicate the same drills with a lower 


average and peak heart rate. 


Another option is to test athletes while they perform sport-specific drills at a constant intensity 
without stopping. For example, a football player performs line drills for 30 consecutive 
minutes and maintains the MAHR range throughout. As the competition approaches, they 


should be able to perform individual drills at even faster speeds at the same heart rate. 
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For power athletes preparing for an endurance event lasting less than an hour, such as a 
boxing match, a coach can program aerobic training lasting 50-100 percent longer than 
their competition to build endurance. For example, mixed martial arts fighters preparing 
for a three-round fight, with each round lasting 5 minutes, can perform continuous aerobic 
training at their MAHR for 22-30 minutes to develop aerobic power. This approach can also 
be integrated into their practice sessions. Power athletes should condition themselves to 


compete near or below their MAHR for four and a half to six rounds. 


DID YOU KNOW 


Leon Spinks, who won the heavweight boxing title after defeating Muhammad Ali in a 15-round 


fight, would steadily punch a bag for two hours without stopping as a part of his training? Spinks 


was known for maintaining strength and speed late into fights. 


Using Cyclic Activities to Test Acyclic Athletes 
It can be difficult for acyclic athletes to perform practice drills while remaining close to their 
MAHR due to the intermittent nature of their sport. Therefore, another option to assess their 


endurance development is to test them with a cyclic activity. 


First, a coach can choose a cyclic activity they deem appropriate for the athlete’s sport. For 
example, football, basketball, and ice hockey require high levels of endurance in the lower- and 
upper-body muscles, making an elliptical machine a good exercise for testing. For sports mainly 
requiring lower-body endurance, a coach can test a fast walk or jog on the treadmill or track. As a 
general rule, using an exercise bike for testing anyone but cyclists should be avoided, since it has 
poor transferability to sports where athletes are on their feet. An exception to this rule, however, 
is testing athletes who may benefit from minimizing impact forces associated with ground-based 
or treadmill-based testing, such as athletes who are returning to play following an injury and 


undergoing initial testing as part of their postrehabilitation training. 


Second, a coach can use the maximum aerobic function (MAF) test, in which athletes 


MAXIMUM AEROBIC 
FUNCTION (MAF) TEST: 


perform a cyclic activity at their MAHR for 20-45 minutes. Coaches can use 20 minutes for 


} i explosive athletes, like football players, or 45 minutes for athletes requiring more endurance, 
A cyclic test to measure cardio 


fitness and progress over time. like basketball or soccer players. The distance covered during the duration of the test should 


be recorded. For runners, a five-mile MAF test on a track or treadmill can work well, and a 
coach can record how long it took the runner to complete each mile. Three or four weeks later, 
athletes can be retested under the exact same conditions to determine how their aerobic 
training is progressing. If they failed to improve their performance, a coach can add more 
aerobic work throughout the week and examine the athlete’s sleep, nutrition, and lifestyle to 


ensure they are maximizing development. 
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DID YOU KNOW 


One of the many attributes Michael Jordan was known for was his ability to maintain performance 


during the fourth quarter of a game? Jordan had a relentless work ethic, often arriving for practice 


early and staying late to develop endurance, agility, and technique with shooting drills. If athletes 


maintain a relatively high level of sport-specific performance during the off-season, there’s less 


need to peak for competition. 


INTERFERENCE EFFECT 


The interference effect refers to the physiological concerns for pairing endurance and strength 
training without adequate recovery. Ideally, a resistance-training workout for strength, power, 
or hypertrophy would be programmed on a different day than endurance training. However, 
this is not always possible, especially during the early preparation phase when four or more 
endurance workouts per week are recommended. If both resistance and endurance training 
must be performed on the same day, a coach should ideally program endurance training 
first. The morning session can include endurance training, and the evening session could be 
reserved for resistance training, or endurance training can be the first part of the workout 
followed by resistance training. This programming is especially important for hypertrophy 
workouts. Research demonstrates that if athletes perform endurance training within 24 


hours after a hypertrophy workout, muscle growth can be impaired. 


CARDIO PROGRAMMING FOR THE PREPARATION PHASE 


Early in the preparation phase, or preseason, athletes benefit from performing a high volume 
of low-intensity work to build their aerobic base. As the season approaches, lower-volume 
endurance training at a higher intensity is programmed to prepare them for the explosive 


nature and glycolytic demands of their sport. 


Some endurance workouts should consist of slow, continuous activity to develop type | fibers 
to produce more force while the athlete relies on aerobic metabolism. Other workouts require 
high-velocity movements to target type II fibers. Regardless of the workout, athletes should 
avoid working to extreme exhaustion or inducing high levels of acidosis, causing symptoms 


including nausea, which creates excessive fatigue and might be detrimental to their health. 


INTERFERENCE EFFECT: 


The physiological effect of pairing 
endurance and strength training. 


DID YOU KNOW 


Overreaching and overtraining 
can affect an athlete’s 
performance? Overreaching 
occurs after an abrupt increase 
in training intensity or volume. 
After a few days of intense 
training, athletes might have 
difficulty falling asleep as well 
as a poor mood and appetite. 
If the same intensity exercise 
continues, it could lead to 
overtraining, which theoretically 
increases recovery time. 
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ENDURANCE AND HYPERTROPHY FOR TYPE | MUSCLE FIBERS 

Aerobic training targets type | slow-twitch fibers with activities below an athlete’s MAHR for 
30-60 minutes. Extreme endurance athletes, such as triathletes, can train significantly longer 
to meet the demands of their sport. Power athletes requiring endurance, such as football 
linemen, often forgo aerobic training for fear of getting weaker or slower. While a program of 
nothing but long, slow aerobic training can reduce muscle contraction velocity, this negative 
effect can be offset by training for speed and power during other workouts within the week 
or at the end of an aerobic session. For example, after a running back finishes 30 minutes 
of continuous aerobic training below the MAHR during the early preparation phase and then 
rests a few minutes to restore breathing, the athlete can then perform two or three 20-meter 
sprints with 7-8/10 rate of percieved exertion (RPE). Another option is to perform a few sets 


of jump drills, such as the box jump. Either exercise will stimulate speed development without 


accumulating excess fatigue. 


Acyclic athletes are encouraged to perform acyclic aerobic activities whenever possible. For 
example, a soccer player can alternate every few minutes between incline walking, side steps 
with a resistance band, backward walking, body-weight lunges, and sled pushes or pulls with 
a low velocity and intensity. Athletes requiring upper-body endurance can incorporate body- 
weight push-ups and inverted rows, medicine ball throws, shadowboxing with light weights, 
and crawling drills. These activities promote hypertrophy in type | fibers, allowing the muscle 
to produce more force. In any case, athletes can work for at least 30 minutes below their 


MAHR, ideally within 10 beats of MAHR whenever possible. 


ENDURANCE FOR TYPE II MUSCLE FIBERS 

Type IIx muscle fibers are responsible for an athlete’s most explosive movements, but they 
have little mitochondria and poor cellular respiration, which drastically limits their endurance 
and buffering capacity. Type lla fibers can produce moderate to high levels of force and 
have moderate endurance, but they rely on glycolysis, which can lead to acidosis. Training 
parameters to recruit type II muscle fibers are programmed with rest periods long enough to 
manage acidosis but brief enough to stimulate adaptations improving buffering capacity. This 


is when a coach can introduce interval training. 


During the early part of a preparation phase, longer work periods are recommended to create 
a higher training volume. As the season approaches, shorter work periods are paired with 
shorter rest intervals, thus preparing athletes to repeat their performance in less time. 
Exercises such as swings, sprints, and sled pushes or pulls are performed with a load allowing 


maximum power output, in which the athlete can achieve a high velocity with each repetition. 
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Four different interval-training protocols are found to be effective for athletes. Unlike a 
traditional Tabata protocol, these methods consist of enough rest periods to manage 
acidosis. The following work-to-rest ratios are designed to promote mitochondrial biogenesis 


and improve cellular respiration in type II fibers. 


The 10 x 10 Method 
The 10 x 10 method is an endurance protocol designed to optimize high-intensity dynamic 


exercises with equipment like kettlebells. The parameters are as follows: 


The athlete can choose an exercise performed with a high velocity while using a moderate 


load, like a one-arm kettlebell snatch. 


The athlete can perform 10 explosive reps with a kettlebell in the right hand, resting one and 
a half to three minutes, and then performing 10 explosive reps with the kettlebell in the left 


hand and continuing to alternate arms with each set until 10 total sets are completed. 


This example covers a single-limb exercise, but any exercise training power can be 
programmed, such as a double-arm swing, jumps, battling ropes, or sled push. For rope or 
sled work, or any other similar exercise not based on reps, the duration of the set should 
be 10 seconds. Rest periods range between one and a half and three minutes. A coach can 
use one and a half minutes for athletes with high endurance, two minutes for most athletes, 
and three minutes for powerful athletes. Athletes should move around during rest periods, or 
they can perform exercises for other muscle groups at the halfway point of the rest period to 
make the workout more efficient. Each working set should be performed with maximal power. 
The 10 x 10 method is ideal not only for the preparation phase but also for the competition 


phase, since the relatively long rest periods manage acidosis and minimize fatigue. 


The 15:45 Method 
The 15:45 method starts with 15 seconds of high-intensity activity, like a sprint or sled push, 
followed by 45 seconds of rest and then another 15 seconds of high-intensity activity followed 


by three minutes of rest. This is considered one series, and the athlete will performs six series. 


The 10:30 Method 

The 10:30 method starts with 10 seconds of high-intensity activity followed by 30 seconds 
of rest, another 10 seconds of high-intensity activity followed by 30 seconds of rest, and 
then ends with 10 seconds of high-intensity activity followed by three minutes of rest. This is 


considered one series, and the athlete should perform five or six series. 
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The 5:15 Method 

The 5:15 method starts with 5 seconds of high-intensity activity followed by 15 seconds of 
rest, and this work-to-rest ratio is repeated six times. After the sixth 5-second bout of high- 
intensity activity, the athlete rests for three minutes. This is considered one series, and the 


athlete should perform three or four series. 


Considerations for Interval-Training Methods 

There are a few points a coach should consider with these varying work-to-rest ratio methods. 
First, a coach can program these workouts two to four times per week on a day without or a 
day before strength training. Different exercises throughout the week can be performed, such 


as kettlebell swings on Tuesday and battling ropes on Thursday. 


Second, if a single-limb exercise is performed, like the one-arm kettlebell snatch, limbs 
can be alternated throughout the series. For example, the 10:30 method consists of right- 
arm kettlebell snatch for 10 seconds, rest for 30 seconds, left-arm kettlebell snatch for 10 
seconds, rest for 30 seconds, right-arm kettlebell snatch for 10 seconds, and then rest for 
three minutes. The next series starts with the left arm. In this case, an even number of series 


should be programmed so there is an equal amount of work with each arm. 


Third, upper-body exercises such as a push-up, dip, row, or overhead press can be programmed 


if the loads are light and can be performed with a high velocity. 


Fourth, rest periods between series can be increased to four or five minutes in the early 
preparation phase based on the athlete’s recovery. Rest between each series should be 
sufficient to decrease the athlete’s heart rate well below their MAHR and restore breathing 
to the point where they can maintain a conversation. The goal, however, is for athletes to 


sufficiently recover with three-minute rest periods before the season begins. 


Fifth, nonspecific cyclical exercises can be programmed in the early preparation phase to 
promote variability. As the competition approaches, a coach can choose exercises more sport 


specific in nature, like the sled push for football linemen. 


A 12-WEEK PREPARATION PHASE PROGRAMMING SAMPLE 
Athletes in the preparation phase usually perform three full-body resistance-training workouts 
per week—for example, Monday, Wednesday, and Friday. One day per week should always be 


reserved for complete rest, regardless of the training phase. 


The longest aerobic training session is on Saturday to help athletes recover from the week 
and improve their aerobic base. Sunday is a day of complete rest. The following endurance 


methods shift every two weeks to promote variability and avoid stagnation. 
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Table 19.1 12-Week Preparation Phase to Increase Endurance in All Three 


Muscle Fiber Types. 


Weeks 1-2 
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 
10 x 10 (a.m.) 30 minutes 30 minutes 15:45 (a.m.) 60 minutes at 
Hypertrophy 
Weeks 3-4 
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 
10:30 (a.m.) 30 minutes 30 minutes at 5:15 (a.m.) 50 minutes at 
Hypertrophy 
Strength (p.m.) at MAHR MAHR Power (p.m.) MAHR 
Weeks 5-6 
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 
10 x 10 (a.m.) 30 minutes 30 minutes at 15:45 (a.m.) AO minutes at 
Hypertrophy 
Strength (p.m.) at MAHR MAHR Power (p.m.) MAHR 
Weeks 7-8 
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 
10:30 (a.m.) 30 minutes 30 minutes at 5:15 (a.m.) 50 minutes 
Hypertrophy 
Strength (p.m.) at MAHR MAHR Power (p.m.) at MAHR 
Weeks 9-10 
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY SATURDAY 
10 x 10 (a.m.) 30 minutes 30 minutes at 15:45 (a.m.) AO minutes 
Hypertrophy 
Strength (p.m.) at MAHR MAHR Power (p.m.) at MAHR 
Weeks 11-12 
MONDAY TUESDAY | WEDNESDAY | THURSDAY FRIDAY SATURDAY 
10:30 (a.m.) 30 minutes 30 minutes at 5:15 (a.m.) 30 minutes 
Hypertrophy 
Strength (p.m.) at MAHR MAHR Power (p.m.) at MAHR 
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SORER CARDIO PROGRAMMING FOR THE COMPETITION PHASE 


The in-season competition phase means different things to different athletes. A baseball, 
basketball, or hockey player, for example, must compete multiple times throughout the week 
| for months at a time. Other athletes, such as football players, compete once every seven days 
but must practice multiple times throughout the week. A coach may find it difficult to program 
strength and endurance training for in-season athletes without inducing excess fatigue based 
on their demanding schedules. During this time in the macrocycle, it is important to find the 


minimum effective dose suiting each athlete. 


The goals of in-season training are for athletes to maintain their performance and manage 
fatigue. Sport-specific conditioning drills in the preparation phase are replaced by actual 
practices in the competition phase. Depending on the sport and athlete, the physical and 
mental stressors of practices and competitions might be at their recovery capacity. Any 


additional strength- or endurance-training workouts programmed should be with a low volume 


and moderate intensity. 


AEROBIC TRAINING TO PROMOTE RECOVERY 

To help an athlete recover from the glycolytic stress of games and practices, 30-45 minutes 
of aerobic training below their MAHR can be programmed. Unlike the preparation phase 
where athletes are encouraged to stay close to their MAHR to develop aerobic power, during 
the competition phase, they can perform aerobic work 10 or more beats below MAHR. These 
workouts can be programmed hours after their competition or the next day to promote 
recovery, assuming there is not another game. For example, a basketball player who had a 
game on Friday can spend 40 minutes on Saturday alternating between low-intensity cycling 
and the elliptical, well below their MAHR, to improve blood flow and remove metabolic waste. 
Programming aerobic training before a competition on the same day should be avoided to 


help athletes maintain speed and jumping ability. 


INTERVAL TRAINING TO MAINTAIN POWER 

Interval training for type II fibers is programmed no more than once per week, the minimum 
time to effectively maintain explosive power, and should be performed no less than 48 hours 
before a competition to allow for complete recovery. If an athlete has three competitions 
within the week, such as a college basketball player, a coach can program the 10 x 10 


method, since it can be less metabolically demanding. 
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COMPETITION PHASE PROGRAMMING SAMPLE 

In this one-week example of a college basketball player, games are scheduled on Tuesday, 
Thursday, and Sunday. Aerobic activity below MAHR is programmed three days per week to 
offset the glycolytic stress of competitions. One HIIT workout is programmed 48 hours before 


a game to help buffer acidosis, and one complete day of rest is required each week. 


Table 19.2 Endurance Training Microcycle for Three Games in a Week. 


MONDAY TUESDAY | WEDNESDAY | THURSDAY FRIDAY SATURDAY | SUNDAY 


30 minutes below 
30 minutes 30 minutes 
Game Game MARR (a.m.) Rest Game 
below MAHR below MAHR 
10 x 10 (p.m.) 


The following programming strategies, based on the minimum effective dose, are 


recommended for in-season athletes: 


+ One day per week of complete rest, ideally during the most stressful part of the week 
+ One interval workout each week 


+ Aerobic training below MAHR after competition, or the following day, to promote recovery 


CARDIO PROGRAMMING FOR CYCLIC ATHLETES 


Athletes in cyclic sports are less common, but a coach must understand how to effectively 
program their cardio and endurance training. There are three steps a coach can take to 


answer the appropriate questions and program effectively. 


STEP ONE: DETERMINING HOW MANY WEEKS ARE REQUIRED TO PREPARE THE 
ATHLETE FOR COMPETITION 


The athlete should spend the first week training at a volume manageable to their fitness 
level, and they may have already been following some type of training regimen. For example, 
a 30-year-old female has been running three times per week and wants to prepare for a half 
marathon. The athlete has been running for 30 minutes at their MAHR on Tuesdays and 
Thursdays as well as completing a long run on Saturdays at a self-selected intensity below 
MAHR. The athlete’s goal is to perform the half marathon at a 10-minute-mile pace, which 
requires 131 minutes of continuous running at that speed. Currently, the athlete can run for 


50 minutes at that pace. 
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Each week, a coach can program an increase in the duration of Saturday’s long run by 10 
percent. In this case, the long runs in the second week will last 55 minutes, in week 3 will 
last 60.5 minutes, in week 4 will last 66.6 minutes, in week 5 will last 74 minutes, and so 
on. At this rate it will take 11 weeks to reach 131 minutes, assuming the athlete will run 
131 minutes on week 11 instead of 138 minutes (the actual 10 percent increase from week 
10). Then the athlete will need two weeks to taper training, which is similar to the tapering in 
resistance training. Ultimately, the athlete must plan for 13 weeks of training to prepare for 


the half marathon. 


A 10 percent increase in weekly training volume of mileage or time is the standard 
recommendation for cyclic athletes. For example, if an athlete cycles for 50 miles on week 1, 


they should cycle for no more than 55 miles on week 2. 


STEP TWO: PROGRAMMING INTERVAL TRAINING EVERY THIRD WEEK 

Cyclic athletes rely heavily on their aerobic metabolism and type | muscle fibers to get them 
through a race. The longer they train at or below their MAHR, the better they will manage fat 
for fuel to avoid acidosis. However, there are times in most aerobic events when athletes will 
perform above their MAHR. For example, an athlete may need to reach a higher speed to pass 
a competitor during or at the end of a race. Therefore, aerobic athletes can benefit from short 


periods of interval training to develop type II muscle fibers and train their body to buffer acidosis. 


Every third week, one or two workouts should consist of interval training. In our current 
example of three workouts per week, one of the 30-minute runs on Tuesday or Thursday 
will be replaced by interval training. If the athlete is training six days per week, two of the 
workouts can be interval training. Nevertheless, one interval workout every third week is 


enough for most athletes. Coaches should consider the following programming parameters: 


+ Working for 30 seconds at 50 percent speed or intensity followed by 7 seconds 


of maximal speed or intensity for 7-9/10 RPE (a cycle) 
+ Continuing for four cycles, then resting 2-3 minutes 


+ Repeating the work-to-rest ratio for four or five rounds 


During the last two weeks before competition, in the tapering phase, the athlete can perform 


one interval workout each week to prepare for the glycolytic demands of competition. 
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STEP THREE: TAPERING THE TRAINING VOLUME APPROXIMATELY 50 PERCENT OVER 
THE LAST TWO WEEKS BEFORE COMPETITION 


Tapering is an important strategy to prepare an athlete for competition, reducing residual 
fatigue and allowing for Supercompensation to occur while increasing an athlete’s 


preparedness for peak performance. 


The longest run should be two weeks before the event. After their longest run, the athlete 
should reduce training volume by approximately 40 percent for a taper week. In our example, 
the female runner will run for 18 minutes on Tuesday at her MAHR, perform interval training 
on Thursday with the same volume, and then run for 79 minutes on Saturday, one week 
before the race. During the final week before the event, the athlete will decrease the Tuesday 
run by 50 percent (15 minutes) and then perform interval training on Thursday morning, 
assuming the race starts on a Saturday or Sunday morning. A coach can program at least 


two days of complete rest before the event. 


SAMPLE SINGLE-RACE TRAINING PROGRAMMING FOR A CYCLIC ATHLETE 
Strength training is performed on two of the off days each week—Monday and Friday. A 


two-week taper is programmed before the main event, consisting of a 50 percent reduction 


in training volume. 
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Table 19.3 Training Program for a Cyclic Athlete Preparing 


for a Single Competition. 


TUESDAY THURSDAY SATURDAY 
1-2 30 minutes at MAHR 30 minutes at MAHR Long run 
3 30 minutes at MAHR Interval training Long run* 
4-5 30 minutes at MAHR 30 minutes at MAHR Long run* 
6 30 minutes at MAHR Interval training Long run* 
7-8 30 minutes at MAHR 30 minutes at MAHR Long run* 
9 30 minutes at MAHR Interval training Long run* 
10-11 30 minutes at MAHR 30 minutes at MAHR Long run* 
18 minutes at MAHR Long run 
12 (taper) Interval training 
(40 percent lower volume) (40 percent lower volume) 
13 (taper) 15 minutes at MAHR Interval training Event 


*The athlete should increase duration by 10 percent each week. 


The following programming strategies are recommended for cyclic athletes: 


+ Increasing training volume by 10 percent each week until competition duration is achieved 


+ Programming interval training every other week as well as the last two weeks 


before competition 


+ Programming the longest workout two weeks before competition 


+ Tapering volume approximately 50 percent during the final two weeks 


+ Resting two full days before competition 


ISSA | Strength & Conditioning | 410 


CHAPTER 20 


Discuss the importance of recovery adaptations to training. 
Describe the effects of stress on the body. 
Differentiate the models of recovery adaptations. 


List the recovery adaptation modalities and their benefits. 
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Determining the most effective way to recover from physical training has become increasingly 
complicated for athletes and the general population alike. The physical training world is full 
of those who believe they have a simple answer—just follow this program, use this device, 
consume these supplements, think this way, or use this technique. Others remark that an 
athlete should just listen to their body and how it responds to stress and train accordingly. 
If there were a one-size-fits-all program or device, then all athletes would train that way and 


they would all yield the optimal results and peak performance. 


The recent emphasis on recovery and injury prevention stems from ideas that are centuries 
old. At present, scientists, trainers, organizations, and even athletes have begun to develop 
and sell ideas and methodologies on recovery for all varieties of training. High-intensity 
training has become the training style that many fitness programs are centered around, 
and these popular training programs can likely be enhanced with appropriate recovery and 


regeneration methods. 


A potential benefit of these high-intensity programs may be enhanced motivation with fewer 
training sessions needed per week. However, the general understanding of recovery is poor. 
All training programs and the athletes they serve will benefit from increased knowledge of 
and emphasis on intelligent recovery approaches that can help participants enjoy greater 


fitness gains and lower injury risk. 


TRAINING AND RECOVERY 


Training is the process of preparing an athlete physically, technically, tactically, psychologically, 


TRAINING: and theoretically for the highest levels of performance. In general use, training describes 
The process of preparing an 
athlete physically, technically, 
tactically, psychologically, and 
theoretically for the highest 


levels of performance. and maturation because training is deliberate, and the intent is to increase an athlete’s 


organized instruction aimed at increasing physical, psychological, intellectual, or mechanical 


performance quickly. The concept of training must be separated from lifespan growth 


capabilities over time. 
RECOVERY: 


The process of returning the Recovery is the return to a stable resting state. According to the homeostatic principle, 
body to a stable resting state, 

according to the homeostatic recovery is the body’s compensation for fatigue to reestablish its initial state of being. 
principle, after bouts of 


KEON. However, beyond this simple definition is a great deal of confusion and the illusion of 


knowledge, as nothing is definitively clear. 


RECOVERY ADAPTATION: 


à ‘ Training is a simple concept, in which an athlete undergoes serious physical and mental stress, 
improvements in the 

muscle and cardiovascular recovers from the stress, adapts to the stress, and repeats the sequence. The participant 
system that will ultimately 

result in improvements in encounters a stressor and undergoes a stress response by first fatiguing and then recovering 


performance. , , , 22 . 
and adapting to the stressor. There is a natural unity of training and recovery adaptation. 


ISSA | Strength & Conditioning | 414 


Training causes fatigue, which causes a temporary reduction in performance output. This 
reduction signals the beginning of two processes within the body: (1) the recovery process, 
leading to the reestablishment of full ability to function; and (2) the adjustment process, 
leading to the functional improvement of performance and the morphological reorganization 


of the functional systems under stress. 


Recovery adaption concepts are based on the resurrection of physical and psychological 
capacities and further enhancement of those capacities following strenuous training. As 
training scientists, athletes, and coaches continue their pursuit of ideas that can be exploited 
to push fitness and performance to higher levels, recovery has become an important area 
of continued research and application. The investment of the participant in training should 


achieve recovery and adaptation improvement beyond the starting place. 


STRESS 


The precursor to a need for recovery adaptation is stress. There are two types of stress: 


STRESS: 


Anything that causes an 
generally pleasurable—for example, the activities surrounding a wedding, winning a organism to react. 


eustress and distress. Eustress refers to a positive type of stress and denotes something 


competition, or achieving a goal. Distress refers to a negative type of stress—for example, 


EUSTRESS: 


Positive stress, denotes 
of this course is in the role that training stresses play on the fatigue, recovery, and adaptation something generally 


pleasurable. 


struggling with an injury, physical illness, or enduring a difficult training session. The interest 


of an athlete or exercise participant as both types of stress may require recovery adaptation. 


Recent research has shown that there are several factors that contribute to how quickly and DISTRESS: 


Negative stress, such as pain, 
illness, or injury. 


effectively a participant achieves recovery adaptation during and following a stress-inducing 


event. When a training challenge or stress is applied, the body’s response is an initial alarm 


stage. The alarm stage is marked by the following changes: 
- Increased heart rate 
+ Increased cardiac output 
+ Increased respiration 
+ Increased temperature 
+ Oxygen dissociation improvement 
+ Increased sympathetic nervous activity 
+ Decreased parasympathetic nervous activity 


+ Increased hormone and endocrine gland secretion 
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STRESS ADAPTATION: 


physiological responses used 
to cope with stressors. 


PERIPHERAL FATIGUE: 


An athlete’s inability to 


maintain their expected level 
of exercise intensity. 


BODY’S REACTION TO STRESS 


The body reacts to the stress of training by mobilizing the body’s resources for action. 
Following the acute physical responses, these physiological and psychological changes 
continue until either the stressor ends or the physiological and psychological resources have 
been depleted. Responses to stress are a cascade of physiological deployments. The cells 
respond to stress by various types of cellular signaling, which are responses to mechanical 
stress and strain, and by both upregulating and downregulating cellular receptors. Once a 
cell has encountered a stressor, the intracellular messengers may attach to other organelles, 
influence the nucleus of the cell to begin transcribing new proteins, and cause the cell 
to increase or decrease activities such as secreting a hormone, causing a muscle cell to 
contract, or sending out a nerve impulse. Finally, the body undergoes structural changes: it 
builds muscle, stores or mobilizes energy, enhances neural pathways, strengthens connective 
tissues, remodels bones, and many others. As the stress continues, the body’s ability to 
handle the initial stress reaches a maximum. Meanwhile, in the background, there are a 
countless number of cellular responses occurring that improve the body’s ability to cope with 


stresses over the long term. 


STRESS ADAPTIONS 


Two types of stress adaptation happen simultaneously but at different rates—short-term 
and long-term adaptations. The first set of responses is the body's immediate need to deal 
with the stressor—the short-term adaptation. Most of the early physiological reactions 
incorporate fight, flight, or freeze responses and are fundamentally neural and involuntary. 
The body adapts to cope with the stressor by enhancing energy mobilization, recruiting 
additional muscular resources, and adapting perceptual responses for early warnings and 
rapid reactions—anticipation. When the initial responses are overwhelmed by the stressor, 
they fail. The resulting condition is called fatigue. Fatigue occurs simultaneously in both 


central and peripheral mechanisms. 


The immediate fatigue that occurs during a single maximal repetition, set of repetitions, or 
single training session is called peripheral fatigue, and it manifests in three common ways: 
(1) by an athlete’s inability to achieve the expected level of force, (2) by the athlete’s inability to 
maintain the expected level of force, and (3) by the athlete’s inability to continue to exhibit an 


expected level of competence. Essentially, it is the inability to perform at an expected level. 
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Initial fatigue and recovery adaption are straightforward and represent the body’s ability to 
cope with acute stress by recruiting rapidly renewable resources. Rapid adaptations are largely 
neurological enhancements, mobilization of immediate carbohydrate sources of energy, and 
production of stress-related hormones such as epinephrine, norepinephrine, and cortisol. 
These responses delay the heavily energy-dependent process of building new tissues to 
conserve and redirect energy. If the stress continues and the body is not overwhelmed by 
the stress, the body begins long-term recovery adaptations by building new muscle, new 


connective tissue, new neural pathways, and metabolic efficiency enhancements. 


When planning for and considering recovery for an athlete, a coach should consider the 


following questions: 
- What does a recovered athlete look like? 
+ How can one tell if an athlete is recovered? 
+ How could one know if an athlete is not recovered? 


+ How can it be determined which activity or technology was the cause of an 


athlete’s recovery? 


+ How can enhanced performance be connected to an athlete’s recovery? In other 
words, recovery methods may help the athlete feel better, but do these methods 


cause the athlete to perform better? 


A coach must remember that there is nothing in the toolbox of recovery adaptation methods 
powerful enough to overcome poor coaching, bad planning, or lack of talent. Thus, thoughtful 
coaching, thorough planning, and an awareness of an athlete’s innate abilities should always 


be an integral part of any sports performance training approach. 


MODELS 
GENERAL ADAPTATION SYNDROME MODEL 


Throughout the years, various theories and models have been developed around the effects 
of stress encountered during physical training. Each model and theory similarly postulate that 
the human body reacts in a predictable manner to both physical and emotional stress. These 
predictable outcomes can be used to drive specific training strategies focused on desired 
performance outcomes. Implementation of periodized recovery strategies has been found to 
play a profound role in eliciting positive performance adaptations among athletes, and many 
of the world’s most renowned strength coaches embrace a common formula for success: 


work + rest = success. 
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PERIODIZATION: 


A cyclic approach to training 
in which periods emphasizing 
certain kinds of gains (in 
strength or skill) are followed 
by periods focused ona 
different type of gain. 


GENERAL ADAPTATION 
SYNDROME (GAS) 


MODEL: 


A simple model of stress 
and response illustrating the 
body’s changing reaction to 
increased stress over time. 


SUPERCOMPENSATION: 


A state in which the body 
increases capacities to deal 
with stressors efficiently and 
effectively. 


FITNESS-FATIGUE 
MODEL: 


A theory that suggests 


performance increases are 
based on the aftereffects of 
both fitness and fatigue as 
quantifiable variables. 


While there are numerous theories and models regarding the need for periodization of 
recovery strategies, there are two comprehensive strategies to focus on. The general 
adaptation syndrome (GAS) model, which was first articulated in 1866 by Selye, proposes 
that all exercise-induced stress results in a similar response from the individual. This work 
was illustrated in stages, the first stage being alarm, the second being resistance, and 
the third, exhaustion. The thought was the duration and magnitude of the training would 
dictate the outcomes. The GAS model has been incorporated into discourse about physical 
training for decades, and much of our understanding of how to manage the stress-response 
paradigm comes from the concepts in the image and their derivatives. In Figure 20.1, the 
body's response to stress is represented by the yellow line, running from left to right. Within 
this model, homeostasis can be considered an athlete’s baseline at the onset of a physical 
stimulus (training session) being performed. Following the body’s response over time, it is 
apparent that the body experiences fatigue and a temporary deficit in performance during 
the alarm stage, followed by a return to homeostasis and ultimately supercompensation, 
or the desired performance outcome. If the level of physical stimulus remains too high, or 
recovery strategies are not implemented, the athlete will likely succumb to exhaustion and 
performance deficits. In addition to the associated performance deficits, exhaustion can lead 


to a higher incidence of fatigue-related injury. 


Figure 20.1 Selye’s General Adaptation Syndrome. 
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FITNESS-FATIGUE MODEL 


Another model demonstrating the body’s response to stress is the fitness-fatigue model, 
which suggests performance increases are based on the aftereffects of both fitness and 


fatigue as quantifiable variables. 
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Figure 20.2 The Fitness-Fatigue Model. 


Change in Performance 


Main Fitness After-Effect 


Main Fatigue After-Effect 


The change in performance occurs after both the main fitness and main fatigue 
aftereffects have occurred. 


This enhanced model of GAS suggests that stimulus alone is not enough for supercompensation 
or adaptation to occur. The implication for training is that phases of intensity should be 
followed by recovery periods and then built upon once again. Improper or insufficient planning 
can result in periods of intensity where fatigue is compounded, but because recovery is not 
included, training outcomes do not see improvement. Being mindful of training intensity as 
it pertains to the individual athlete—each with varied athletic capability and exposure—is 
a helpful precautionary measure that can prevent overtraining, extended overreaching, or 


premature peaking before a competition. 


PERIODIZATION 


A coach must understand not just training cycle periodization with program design but also 


the use of periodized recovery strategies based on the GAS and fitness-fatigue models. 


Using the principles of program design, all training cycles should be planned. Training cycles 
are essential, whether anticipating overarching career goals or using smaller periods of time 
to achieve specific goals. Sound planning that contributes to the participant’s continued 
progress requires some consistency of training. Without consistency, training is largely 
maintenance, making the primary goal preventing a decline in fitness level. Training plans 


establish a culminating event such as a competition or a fitness goal and work backward. 
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Generally speaking, fitness maintenance can be achieved by as few as one or two high- 
intensity training sessions per week. Research suggests that such training sessions must be 
high intensity to maintain fitness. An increase in fitness level requires three or more training 


sessions per week. This schedule is based on specific factors such as these: 
+ The athlete’s current fitness level 
- Nature of the sessions 
+ Injury status 


+ Previous experience 


The final element in training planning that requires forethought is the placement and use of 
specific recovery periods and activities. Every instruction sequence needs to have progressive 
increases in its load to promote adaptation, and the relationship between volume and 
intensity will vary during the training sequence. However, every period of coaching must be 


punctuated with recovery, regeneration, and rest periods. 


The planning of specific rest periods is particularly important for athletes, but general fitness 
participants also need rest cycles. By incorporating rest periods into a fitness plan, and thus 
ensuring recovery adaptation, even amateur athletes can systematically explore higher level 


and more targeted training. 


RECOVERY METHODS 


In addition to training, a coach should consider the type and placement of specific recovery 
activities. Basic recovery from training is relatively simple—the athlete simply stops, and 
recovery will follow naturally. Modern training seeks to optimize all aspects of the process, 


from the loads and tasks to the recovery adaptation that should follow a session. 


REST AND SLEEP 


Sleep is an obvious fundamental need for human life. People spend nearly one-third of their 


lives asleep. Humans also spend a great deal of time resting, even when the activity is not 
specifically devoted to rest. Watching television, riding in a car, waiting in line, and many other 
activities fall far below a level considered active. However, careful management can enhance 
rest and sleep, deploying them for increased fitness. Like so many other aspects of training, 
these are both optimization opportunities. Training activities seek to create fatigue as stimuli 
to elicit recovery adaptations and raise fitness to a new homeodynamic state. Rest is used 


to ensure recovery adaptation occurs. 
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There have been a relatively small number of sleep studies done involving elite athletes. The 
experience of sleep is so universal, and sleep disturbances so common, that interest in sleep 
reaches much farther than exercise. However, the complex nature of sleep betrays the fact 
that many people, especially those in high-stress situations, cannot achieve or sustain truly 
refreshing and regenerative sleep. Shortening the sleep period to four to six hours per night 
for four or more nights consecutively has been shown to impair mood and cognitive abilities. 


Ideally, people should have at least eight hours of sleep per night. 


Napping may benefit those who must live and perform with less-than-optimal nighttime sleep. 
A 30-minute nap was shown to decrease sprint times and increase alertness compared SLEEP INERTIA: 
to a no-nap control group. Naps can also enhance learning and other cognitive abilities. A The feeling of drowsiness or 


sluggishness that may follow 
common complaint arising from naps is the phenomenon of sleep inertia. Sleep inertia is the a nap. 


feeling of drowsiness or sluggishness that may follow a nap. 


One study showed that extra sleep, or sleep extension, resulted in better performance in 
basketball. The subjects in this study underwent a five- to seven-week period of extended sleep. 
Their minimum goal was 10 hours of sleep per day. Both basketball skills and several laboratory 
measures showed improvement. When athletes have early-morning practices or training sessions, 


they report increased perceived fatigue and decreased normal sleep duration. 


A coach helping an athlete become more conscious of their sleep pattern should start with 
questions that can identify the type of sleep the athlete is experiencing. The duration and 
number of conscious waking periods throughout the night is a good place to start. These 
can illustrate how an athlete’s training, nutrition, and mood are affecting their ability to fall 
and stay asleep. Next, decreasing stress or limiting potential stimulants prior to sleep can 
be a great help, but first those aspects need to be identified. Electronics and blue lights can 
be disruptive to the circadian rhythm. Products like blue-light-blocking glasses have been 


designed to allow some device usage before bed. 


Ideally, rest should be unbroken to allow optimal cycling of sleep stages. Carefully adjusting 
nutrition and liquid intake in the hours leading to restful sleep can also be helpful to reduce the 
need to urinate during the night. If a client has difficulty falling or staying asleep on nights when 
they are engaging in training, and all other variables are accounted for, it may be in the interest 
of both coach and athlete to examine the demands of training for that day and see if they can be 
adjusted to encourage a better night’s rest. Adjusting training volume or intensity to achieve better 
sleep and recovery is a compromise that can result in improved performance in the next session. 


A proper cooldown from exercise, or any activity that helps induce more parasympathetic activity, 


can be useful in bridging the gap between training and restful sleep. 
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TAPER 


Rest that results in improved performance is sometimes described as a taper. It is common 


TAPER: 


A brief period of reduced for athletes who are preparing for a competition to use a brief period of reduced training 


training load prior to 
competition. 


load to rest and enhance recovery adaptation—a taper. When training loads are reduced 


systematically through tapering, the resulting outcomes can be an increase in performance. 
Studies of this method and resultant supercompensation have shown there is a tender 


balance between enhancing later performance while avoiding detraining or deconditioning. 


Guidelines for tapering include a maintenance of training intensity, a nonlinear reduction of training 
volume, and a reduction in the number of training sessions. However, the key to an effective taper 
is the maintenance of high-intensity exercise. When planning a taper, a coach should consider 
that it should last approximately two weeks, during which the volume and frequency of training 


can be decreased without much oversight, but the intensity must be maintained. 


The goal is to reduce overall strain on the individual while not allowing for detraining. 
Classically, tapering was viewed as a way to help increase expression of the sought-after 
training adaptations. The tapering period would help upregulate the oxidative enzymes 
required for the expression of newly developed strength and power derived from previous 
training cycles and would allow the nervous system to return to homeostasis after the rigors 
of intensification. While specific activities and total time or exposure to a training modality 
differ from individual to individual, intensity and volume should be accounted for when 


determining the length of a taper. 


MEDICAL OR THERAPEUTIC RECOVERY 


Specialized recovery activities have expanded in recent years and include both those with 


SPECIALIZED RECOVERY: 


therapeutic or medical aids 


ancient origins and those proceeding from modern technology. The scientific understanding of 


for enhancing and speeding recovery activities is still being explored. Recovery adaptation approaches tend to center around 
up recovery. 


enhanced circulation, reduction of muscle stiffness, increased availability of nutrients and 
hydration, increased and focused physical comfort, or combinations of all of these. There are 


many accepted modalities for specialized recovery employed in athletics and fitness today. 
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Table 20.1 Recovery Approaches. 


FOR NUTRIENT 


FOR ENHANCED FOR REDUCTION OF 
FOR CIRCULATION AVAILABILITY AND 
COMFORT MUSCLE STIFFNESS 
TIMING 
Heat Massage Heat Supplements 
Cold Sleep Stretching 
Combined heat and cold Naps 
Hydrotherapy 


Static compression 


Dynamic compression 


Vibration 


Mild exercise 


Electrical stimulation 


There are several factors governing the effective use of recovery adaptation methods. A 


coach should understand the following: 


- A fit and rested athlete will respond more effectively to interventions and recover 


more quickly from stress and fatigue. 


+ The body needs to be cleared of various waste products such as damaged cells, 


catabolic markers of stress, immune cells, and others. 


- A fully fueled body will handle stress and fatigue better than a body lacking in 


nutrients. 
- Increased comfort leads to increased recovery adaptation. 


Increased comfort from warmth, adequate nutrition, sleep, rest, posture, and massage is a 
commonsense attribute of recovery. An athlete dealing with the stress of environmental cold, 
discomfort, odd postures, hard surfaces, jet lag, lack of sleep, and so forth will not recover 


and adapt as well as an athlete who avoids these things. 
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HEAT RECOVERY: 


A method of heat delivery that 
helps dilate blood vessels 


and promote blood flow, 
typically through the use of 
a small pad, saunas, steam 
baths, and hot tubs. 


CRYOTHERAPY: 


A recovery technique in which 
a body (whether one area or 
the whole thing) is exposed to 
extremely cold temperatures 
for several minutes. 


SHELL-CORE EFFECT: 


The natural cyclical circulation 
response to cold therapy 
techniques. 


RECOVERY ADAPTATION MODALITIES 


The most powerful interventions for recovery include rest, nutrition, warmth, and compression, 


but these broad classifications require further explanation. 


Rest is one of the simplest and most obvious components of recovery. However, rest and 
withdrawal from training are difficult to achieve in practice. In competitions, especially team 
competitions, the athlete in need of rest is often the same athlete who is key to the team’s 
success and needs to keep playing. In fitness and private athletic settings, the athletes are 
usually paying for coaching based on time, visits, or programs, and if there is no coaching 
and the athlete is resting, arguments arise that the coach or trainer should not be paid. This 


can increase the likelihood that the athlete will continue to train despite excessive fatigue. 


Rest also needs to be regulated, something that requires a full understanding of how recovery 
adaptation works. Complete rest following an injury can delay healing. A balance must be 
struck between exercising enough to promote circulation and healing while avoiding reinjury. 


Complete rest may result in detraining, delayed healing, and increased risk of reinjury. 


HEAT 


Heat recovery is a mainstay of modern athletic trainers, massage therapists, physical 
therapists, and casual exercisers. Heat via saunas and steam baths can increase the risk 
of dehydration, burns, and unhealthy weight loss, but when carefully monitored, such heat 
can be safely used. In fact, research has shown when athletes were encouraged to drink 
water while in the sauna or steam room, many showed greater hydration upon exiting these 
heat-based therapies. Spas and hot tubs have been used for decades for divers in particular. 
When an athlete is in pain, is uncomfortable, or is psychologically stressed, warmth can 
encourage relaxation. However, the application of heat should be monitored closely to prevent 


dehydration and dependence and to ensure that an underlying injury is not obscured. 


COLD 


Cryotherapy (cold therapy) has been used for injury rehabilitation, reduction of edema, and 
blood circulation enhancement for centuries. Application of both heat and cold can take 
advantage of the shell-core effect. Circulation is augmented by first moving blood toward a 
cold stimulus to try to maintain warmth of the tissues. Then circulation retreats if the cold 
is maintained, after which blood flow will attempt to return to the cold area one or more 
additional times, and this is followed by circulation retreating from the area to maintain 


warmth of the core body areas. It is thought that this repeated circulatory action is the 
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mechanism underlying the benefits of cold therapy. Cryotherapy is used for immediate wound 
care, sprains and strains, chronic injuries, before and after surgery, and as a modality for 
recovery adaptation. Cold can also be applied to the whole body at once via a chamber cooled 


by liquid nitrogen to minus 129 degrees Celsius. 


CONTRAST THERAPY 


Combining heat and cold is called contrast therapy. In theory, contrast therapy amplifies the 
beneficial effects of both heat and cold—for example, alternating between a hot tub and a 
cold pool for approximately 1 minute at a time for a total of 14 minutes (seven rounds of 1 
minute each). Coaches should consider this recovery adaptation tool based on the individual 


results of the athlete using it. 


HYDROTHERAPY 


Water temperature and the movement of the water are important in hydrotherapy. Both hot 
and cold running water have been used for millennia as a means of massage and to otherwise 
enhance the comfort, recovery, and rehabilitation of an injured or exhausted athlete. Warm water 
hydrotherapy, in theory, enhances recovery because of a release of proteins from muscle. This is 


another tool for the coach to consider based on how the individual athlete responds to it. 


STATIC COMPRESSION 


Compression modalities move away from thermal approaches. Static compression involves 
pressure to the skin via a garment of some type. Patients with edema, cirrhosis, ascites, 
paracentesis, and other disorders are known to respond to compression garments and range- 
of-motion activities. Compression stockings and leggings are manufactured in both graduated 
and non-graduated types. Graduated garments are designed to exert greater pressure in 
some regions than others, usually higher pressure distally with reduced pressure from the 
garment proximally. One study showed that non-graduated garments, such as stockings, 
enhanced running in moderately trained runners with lower-leg problems. A meta-analysis 
of compression garments concluded that the garments are one effective way to enhance 


recovery adaptation. 


DYNAMIC COMPRESSION 


Dynamic compression is also called intermittent pneumatic compression (IPC). The basic 
premise is that compression working in a sequential and peristaltic fashion more closely 
mimics natural fluid motions and is thus more effective. IPC requires a device that provides 
circumferential pressures to a limb, moving from distal to proximal. The use of IPC has proved 


to be effective for preventing edema, increasing blood flow, and stimulating tissue healing. 


CONTRAST THERAPY: 


Therapy that combines the 
beneficial effects of both heat 
and cold. 


HYDROTHERAPY: 


Water recovery methods 
including baths, whirlpools, 
and others. 


STATIC COMPRESSION: 


Pressure exerted via a 
garment of some type. 


GRADUATED GARMENTS: 


Support garments designed 
to exert greater pressure in 
some regions than others, 
usually higher pressure 
distally with reduced pressure 
proximally. 


NON-GRADUATED 


GARMENTS: 


Over-the-counter support 
garments that provide less 
compression than graduated 
garments. 


INTERMITTENT 
PNEUMATIC 
COMPRESSION (IPC): 


Compression that works in 
a sequential and peristaltic 
fashion, more closely 
mimicking natural fluid 
motion. 
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Although static compression is an effective therapy for edema reduction, intermittent 


LYMPHATIC DRAINAGE: 


the removal of lymphatic fluid 


compression optimizes lymphatic drainage. IPC can accelerate recovery from either intense 


buildup containing waste exertion or injury, especially when the athlete is incapable of generating rhythmic muscle 
products and damaged 
tissues. contractions. Improved lymphatic function accelerates healing through the removal of edema 


from injured soft tissues. Another advantage of IPC is the intermittent nature of the applied 
pressure, allowing the pressure to be greater than that achieved using static pressure. The 
primary recovery adaptation mechanism of IPC is enhanced lymphatic drainage and fluid 
return, which accelerates circulatory responses and the removal of edema-containing waste 
products and damaged tissues. IPC can improve healing through edema removal, stimulation 
of platelet aggregation, and neutrophil adherence. IPC has been shown to enhance the healing 
of both fractures and soft-tissue injuries. IPC may also be better than static compression 


because it accounts for the fragility of lymphatic vessels and valves and allows them to open. 


VIBRATION 


Products singing the virtues of vibration occupy an important niche in the recovery adaptation 
device market. Interestingly, vibration has been shown to cause fatigue, enhance warm-ups, 
improve flexibility, and enhance strength and power. In spite of the wide individual variability 
in response, vibration did not show significant differences in blood flow. Research on using 
vibration prior to exercise to reduce delayed-onset muscle soreness (DOMS) showed it might 
prevent and control DOMS. Like many other recovery adaptation modalities, the use of 


vibration devices is subject to each individual’s experience and physiological response. 


ACTIVE RECOVERY 


A coach should understand how active recovery promotes increased blood flow, which aids 


ACTIVE RECOVERY: 


Low-intensity exercise used to 


the delivery of nutrients and oxygen to tissues and the efficient removal of metabolites and 


enhance circulation and aid cellular waste. Venous return lacks a pump and requires not only perfusion provided by the 
recovery. 


heart but also movement to help create enough force on the blood vessels to return the 
deoxygenated blood back to the heart. Light exercise and movement with a slight increase 
of heart rate can help increase the amount of blood that passes through the kidneys and 
liver for detoxification, as well as through the lungs for oxygenation. Increasing blood flow 
above the average five or six quarts per minute can significantly increase the probability of 
this exchange, provided the demands of the exercise do not exceed a therapeutic outcome. 
Low-intensity exercise training has been shown to enhance circulation and aid recovery as 


long as the exercise does not induce its own fatigue. 
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For example, one hour of low-intensity cycling each day was found to be effective in promoting 
recovery. Cycling at 40 percent of VO2 max was shown to eliminate lactate better than a 
massage or passive recovery. Active recovery, but not passive rest, was found to assist 
recovery among judo athletes. Postexercise posture, although not an exercise, was shown to 
be related to recovery in that a supine posture was superior to upright, seated, or with legs 
raised in enhancing parasympathetic reactivation. Using a combination of methods, research 
showed enhanced recovery effectiveness using active recovery as opposed to compression 


garments or hydrotherapy. 


Lactate has been a target of training and recovery adaptation studies for many years. Lactate 


clearance is widely accepted as a measure of recovery from fatigue, and active recovery has ; 
An organic molecule produced 
proven more effective than passive recovery and massage on lactate clearance. However, by most tissues in the 


human body, with the highest 
current research suggests that lactate is not the source of muscle fatigue, even though production found in muscle. 


it mirrors some muscle fatigue expression. The excess of protons appears to lead to the 
largest expression of muscular fatigue. Increasing systemic acidity by free protons in the 
muscle cell may interact with central mechanisms to help the central nervous system adjust 
the pace of exertion as well as moderate every other physiological system needed to help the 
body recover and adapt to the stress of training. In terms of recovery adaptation, lactate may 
not be helpful because lactate is a substrate and not a metabolic poison. Light exercise is 
likely to increase one of the desirable fates of lactate, which is to be metabolized in working 


muscle. 


MASSAGE 


Studying massage is difficult because of the various techniques and the rapport factor that 
appears to dictate the efficacy of much of the massage process. Manual manipulation of 
body tissues has long been considered useful to both prepare for and recover from exercise. 
Like many other aspects of recovery, massage has merited study, but few conclusions can be 
drawn as to its effectiveness. A review article on massage and DOMS concluded that massage 


is promising in reducing soreness but shows limited results in performance enhancement. 


Despite the problems studying massage, the benefits of compassionate touch have been 
known since ancient times. Most people enjoy a comfortable massage given by a caring 
and skilled therapist. However, finding a massage comforting does not ensure that massage 


improves performance. 
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NUTRIENT TIMING: 


A nutritional strategy that 
involves the consumption of 


combinations of nutrients, 
primarily protein and 
carbohydrates, in and around 
an exercise session. 


STRETCHING 


Stretching for recovery was investigated as early as the 1870s by de Vries as a treatment for 
shin splints and muscle soreness. Muscle soreness, tenderness, and loss of force following 
high-intensity eccentric exercise are not alleviated by pre-exercise stretching. In contrast, 
other research showed static stretching and proprioceptive neuromuscular facilitation-type 
stretches were effective in reducing injury from eccentric exercise and that flexible muscles 


are less susceptible to injury. 


It is important to note stretching before or after exercise did not improve DOMS. Stretching 
exercises should be varied in much the same way as strength exercises. Light training and 
pain-free stretching are considered superior to taking a day off from training. Research has 
also demonstrated that postexercise stretching did not appear to benefit recovery adaptation, 
and some stretching may even be harmful. Stretching has an acute deleterious effect on 
subsequent strength and power and may delay or prevent recovery by reducing blood flow 
and other processes. Coaches should implement recovery-focused stretching depending on 


the ultimate goal of the athlete. 


NUTRITION 


Perhaps the most widely agreed-upon method of recovery adaptation is nutrition. Of course, 
following a well-balanced meal plan and refraining from inappropriate foods and supplements 
are things that every person should do for their health. Moreover, it is unusual to find nutritional 
interventions that can be measured in the short term and show transfer to performance, but 


postexercise nutrition is one of those interventions. 


Nutritional interventions that are known to work include creatine, hydration, carbohydrate 
loading, and extra protein. These four aspects of nutrition have been shown to be 
manageable and beneficial for training and performance. Nutrient timing is an important 
approach to recovery adaptation. There appears to be a window of optimal nutrient intake 


from approximately 45 minutes to an hour postexercise. 


Although recently shown to be less powerful than originally thought, work on nutrient 
timing has been one of the most important additions to modern training. Research on 
nutrient timing and content supports the idea that carbohydrates are the most important 
macronutrient following exercise, along with water. Also, protein is used more optimally 
during the postexercise timing window. A carbohydrate and protein supplement, while not 


improving performance, appeared to reduce muscle damage by assessments of myoglobin 


ISSA | Strength & Conditioning | 428 


and creatine kinase. The International Society of Sports Nutrition developed a consensus 
position statement indicating that specific amino acid supplements, particularly branched 


chain amino acids, improve recovery adaptation. 


IMMUNE SYSTEM 


An often overlooked area when it comes to recovery is the immune system. Exercise-induced 
stress has been shown to increase cortisol and decrease mucosal immune parameters such 
as IgG, IgA, and IgM. These suppressions have a higher likelihood of respiratory infection and 


an overall blunted immune response. High cortisol and low IgA are correlated variables that 
IMMUNE RESPONSE: 
Exercise-induced stress has 
been shown to increase 


suggest a weakened immune system; this might be recognized as the sickness that almost 


immediately follows a competition, big game, or final exam. The high energetic state of raised 


cortisol and decrease 


cortisol provided the energy for the fight-or-flight challenge and yet compromised the immune mucosal immune parameters 
such as IgG, IgA, and IgM. 


system by essentially moving its resources away from immunity to fuel intensity. This is 
important to recognize as, in any case, when the immune system does ramp up, minimizing 
downtime will be tightly connected to nutritional intake as well as being able to account for 


any micronutrient deficits that may arise after rebounding from sickness. 


Though some may have paradoxical effects regarding the innate or adaptive immune system, 
the importance of vitamins and minerals from a regular intake standpoint cannot be neglected. 
A proper intake through a nutrition plan or supplementation or both can help decrease overall 


downtime and prevent sickness, especially during phases of higher intensity. 


PREVENTION AND CARE OF ATHLETIC INJURIES 


Coaches should regularly conduct a sport-specific movement assessment to understand the 

functional range of motion required for an athlete’s sport. Each repetitive motion could create 

a compensatory range of motion that would aid, maintain, or degrade athletic performance COMPENSATORY RANGE 
and potentially lead to injury. As the demands of each sport differ, so too do the motions that OF MOTION: 


proceed from them. A strong and capable athlete may be able to compensate for a lack of [MMMM Telit lolli IN) 


achieve functional motor skills 


range of motion that builds over time, but this can put them in more compromising positions, when a normal movement 
pattern has not been 
potentially allowing injury to occur. established or is unavailable. 


Assuming the program design accounts for the necessary deloading on the athlete’s tissue 
and nervous system and ensuring that carbohydrates are cycled periodically can help ease 
inflammation. Seasons of low total and glycemic index level carbohydrates have been 
correlated with lower interleukin-6 and high-sensitivity C-reactive protein, both markers of 


inflammation. The overuse of any kind of exogenous anti-inflammatories that mask pain or 
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RICE: 


An acronym for rest, ice, 
compression, and elevation; 
a traditional approach to 
relieving pain and swelling 
and promoting healing and 
flexibility. 


GENERAL PHYSICAL 


PREPAREDNESS (GPP): 


A training period devoted to 
the general development of 
conditioning, power, strength, 
skill, flexibility, endurance, and 
structures. 


OVERUSE INJURIES: 


Any type of muscle or joint 
injury, such as tendinitis or a 


stress fracture, that is caused 


by repetitive trauma. 


inflammation may lead to more overuse, leading to deeper degradation of the tissue and 
lowering the desired output. Appropriate rest along with an additional number of total calories 
for tissue recovery is key. Research suggests that for a wound alone, an individual may need 
1.4 to 2.4 grams of protein per kilogram of body weight for the healing process. Though 
an athlete’s need for these macronutrients might be affected by stress factors and activity 
levels, the assumption that injuries result in less activity, and thus calories should be reduced, 
works against the recovery process. Proteins and fats play a large role in building new cell 
structure, and though most of this work demands ATP carbohydrate intake is important. That 
said, periods of low glucose intake may increase overall growth hormone levels as seen in 


certain carbohydrate-restrictive meal plans or prolonged fasting. 


The RICE (rest, ice, compression, and elevation) technique takes a four-pillar approach 
to shortening the recovery time for an injury. While compression and elevation help ease 


inflammation and venous return, rest seems the most obvious contributor to recovery. 


OVERUSE INJURIES 


With any sport, overuse is nearly inevitable without proper planning. The off-season is key 
to defeating the problem of overuse. Increasing work capacity that is non-sport specific 
and introducing new movements—more specifically, different load vectors and planes of 
movement—can allow an athlete to maintain or improve their overall fitness via general 
physical preparedness (GPP), while staying away from aggregating more volume in the same 
repetitive patterns. GPP can, for example, give the athlete time to refocus on creating tension 
within the torso from the shoulders down to the glutes, which improves stability as work and 


load become more distal. 


Overuse injuries can result in inflammation and prevent proper blood oxygen and nutrient 
delivery to the tissue. If overuse is occurring below the volume required to perform in the 
athlete’s specific sport, then GPP or basic levels of strength and muscle endurance should 
be reevaluated and improved in the off-season. Structural balance, for example, can ensure 
the surrounding extensors and flexors are in balance to support the demands of the sport 
or activity. Variations and change of stimuli at certain times of the season may be key to 


mitigating any risk of overuse. 
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LEARNING OBJECTIVES 


1 | Identify the scope of practice for nutritional 
coaching. 


2 | Explain the function of macronutrients in the body. 


3 | Identify the key micronutrients and their role in 
the body. 


4 | Describe the importance of nutrition for the high- 
performing athlete. 
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CHAPTER 21 | NUTRITION 


MACRONUTRIENTS: 


Large molecules that typically 
provide the bulk of energy. 

In humans, macronutrients 
mostly comprise 
carbohydrates, fats, and 
proteins. 


MICRONUTRIENTS: 


Often referred to as vitamins 
and minerals, these elements 
are necessary in human 


biochemistry, yet they do not 
directly provide energy. 


PROTEINS: 


The essential building block of 
muscle and a key ingredient in 
hormones, neurotransmitters, 
and other peptides used 

in cellular communication. 
Proteins are also a source 

of energy when biological 
conditions require it. 


CARBOHYDRATES: 


A classification of food 
mainly consisting of carbon, 
hydrogen, and oxygen 
molecules, which can be 
broken down for energy. 


A series of organic molecules 
(containing carbon) that can 
be used as fuel. Fats can 
provide long-term storage and 
can synthesize more ATP than 
glucose per gram but at a 
slower rate. 


Nutrition is a robust area of study. Gaining competence in this area is an essential part of 
training for any goal. Nutrition is vital for proper body function, performance, recovery, growth, 
injury prevention, and many other important components of training. It is important, however, 
for a coach or trainer to understand what they can and can’t do with their clients regarding 


nutrition. 


SCOPE OF PRACTICE 


Practice location changes the level and type of nutrition recommendations a trainer or strength 
coach can offer clients. Laws and ordinances differ from state to state and within different 
countries, so a health professional must know and understand local laws before offering 


nutritional advice. 


EDUCATION VERSUS RECOMMENDATION 


Educating clients is the ultimate role of a strength coach. A coach who is able to properly 
and thoroughly articulate nutritional information is better placed to help a client make good 
decisions more consistently. General principles will hold true for most populations, so having an 


understanding of nutrition will make it easier to drive better nutrition and performance outcomes. 


Telling a client to adhere to a calorie allotment, fiber content, or macronutrient ratio is 
defined as making a specific nutritional recommendation. Understanding the limitations of 
not being licensed—that is, not being a dietician or licensed nutritionist or other health care 
provider as dictated by the state—should govern the parameters of any nutritional guidance 
offered to clients. Even those who are licensed should still ensure they are operating within 
the license’s terms of practice to avoid legal issues. The American Nutrition Association 
outlines restrictions by state and color coordinates regions with similar practice and licensing 


requirements. 


In states where nutritional advice is prohibited, education, blog posts on specialized topics, 
and case studies are great ways to illustrate how an individual can create a nutritional profile 


and implement it with the consent of their primary health care provider or doctor. 


MACRONUTRIENTS 


Food is broken down into two categories, macronutrients and micronutrients. Macronutrients 
are then subcategorized into proteins, carbohydrates, and fats. All three macronutrients can 
be used for energy, but each also serves a specific physiological role. Manipulating a client’s 


macronutrient consumption ratio can help achieve certain goals. 
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PROTEIN 


Proteins are often referred to as the building blocks of life. In their simplest form, they exist 
as amino acids (AA). The terminology around this can get confusing as the word protein is 
often used to describe certain foods (especially animal products), but in a biological sense, 
a protein is a peptide or string of amino acids with a physiological function. Here, protein will 
refer both to a type of food and to its constituent pieces, the amino acids abounding within 


those foods. 


Amino acids are classified as either essential or nonessential, although sometimes nonessential 
amino acids may be circumstantially (or conditionally) essential due to a person’s current needs, 


such as during sickness or when recovering from injury. 


Table 21.1 Essential and Nonessential Amino Acids 


ESSENTIAL NONESSENTIAL 


Histidine Alanine 
Isoleucine Arginine 
Leucine Cysteine 
Lysine Glutamine 
Methionine Glycine 
Phenylalanine Ornithine 
Threonine Serine 
Tryptophan Taurine 
Valine Tyrosine 


Essential refers to an organism's inability to synthesize this molecule on its own, thus making 
that amino acid an essential part of one’s nutritional intake (nutrition plan). Structuring a 
nutrition plan with a broad and inclusive source of proteins is helpful in ensuring all these 
amino acids are available to the body in proper amounts. Daily protein is essential for 
sustaining long-term lean body mass or increasing it (hypertrophy) and ensuring the body 
has the required amino acids for proper cellular signaling. Because weighing, measuring, 
and logging food—not to mention digestion and absorption—are imprecise ways to quantify 
what’s actually getting into the body, the terms complete proteins and incomplete proteins 


have been designed to fill in the gaps. 


AMINO ACIDS: 


Small molecules, or subunits, 


linked together in chains to 
form proteins. 


COMPLETE PROTEINS: 


Proteins containing enough 
essential amino acids to 
maintain the body’s normal 
growth rate and body weight. 


INCOMPLETE PROTEINS: 


Proteins deficient in one 

or more of the essential 
amino acids. This amino acid 
deficiency adversely affects 
growth and development 
rates. 
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BOMB CALORIMETRY: 


The process of measuring 
calories using a bomb 


calorimeter. A calorie is the 
amount of energy required to 
raise 1 gram of water a single 
degree in temperature (C°). 


SACCHARIDE: 


A simple carbohydrate that’s 


easiest and likely fastest to 
digest or assimilate. 


Complete proteins are proteins that contain the essential amino acids in amounts sufficient 
to maintain normal growth rate and body weight. Classically, according to the US Food and 
Drug Administration (FDA), animal products such as eggs, meats, poultry, and seafood (with 
the single plant-derived addition of soy) make up this category. Most plant foods (beans, 
grains, nuts and seeds, and vegetables) are considered incomplete proteins. It is possible 
to combine incomplete proteins to make up for their individual inadequacies, but this 
requires research and application to ensure adequate nutrition. Though dietary protein is 
mostly correlated with the development and maintenance of lean body mass, amino acids 
also serve additional physiological roles from cell energetics to supporting the production 
of various hormones and neurotransmitters. In certain situations, proteins can be used as 
a noncarbohydrate source of glucose. From a bomb calorimetry perspective, proteins and 


carbohydrates are worth four calories (kcal) per gram. 


DID YOU KNOW 


How much protein is too much protein? Bodybuilding cohorts around the world have 
preached high protein consumption around and above 2 g/lb of body weight as a ceiling. 
Research declares there is little to no evidence of any risk factors of these levels as it 


pertains to healthy individuals who are not diabetic or have impaired kidney function. 


Subject monitoring has shown some downstream effects to kidney strain during phases 


of high protein intake, in the form of increased urea production and/or dehydration, but 


no direct damage to human kidneys themselves. 


CARBOHYDRATES 


Carbohydrates generally (though not exclusively) come from fruits, vegetables, starches, 
and grains. Though foods are generally made up of all macronutrients, they are classified by 
their major contribution. Carbs get the abbreviation CHO, which is shorthand for the chemical 
equation of carbon, hydrogen, and oxygen in a 1:2:1 ratio. Glucose, a simple sugar used as 
a main source for generating ATP in glycolysis, is built of molecules each of 6 carbon atoms, 
12 hydrogen atoms, and 6 oxygen atoms. When glucose is metabolized, it produces H20 and 


CO2 in addition to ATP as illustrated in the following chemical formula: 
C,H,,O, > 6CO, + 6H,O + ATP 


Food needs to go through a series of processes to allow its carbohydrate content to 


become usable molecules of carbon, hydrogen, and oxygen, known as a single saccharide 
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(or monosaccharide). The time-limiting factor typically comes down to structure. A 
simple way of looking at this is to assume the digestive system wants to break down these 
structures into their simplest form—a monosaccharide (the single molecule form of sugar, 
whether that’s fructose, galactose, or glucose). As a structure’s complexity grows, the process 
of breaking it down grows more complex as well. For example, when a molecule of galactose 


is bound to a molecule of glucose, it becomes a disaccharide (two saccharides) known as GLYCEMIC RESPONSE: 


lactose. This disaccharide needs to undergo an enzymatic reaction to split the two molecules The effect that a food has on 
a person’s blood sugar levels. 


before absorption. When this doesn’t happen, the structure ferments in the gastrointestinal This varies not only from 
. . i , f food to food but also on an 
tract, where resident bacteria produce gas as a by-product. Oligosaccharides consist of 3 to individualizediievel. 


9 bonded molecules, and polysaccharides generally retain 10 or more molecules. 


Glycemic Index 

The more complex a carbohydrate, the more slowly it hits the bloodstream as a usable 
substrate. The less complex a carbohydrate (the closer it is to being a monosaccharide), the more 
quickly it enters the bloodstream (failing the presence of other macronutrients). The research 
around this has produced a foundational nutritional tool, one responsible for many healthy 
outcomes as well as fad diets: the glycemic index (GI). The GI assigns carbohydrate-rich foods 


a score of O to 100 to quantify the glycemic response within the bloodstream. 
Different factors affect a food’s GI, and not even all sugars have the same value. Here are some 
examples of what can affect a food’s GI value: 

Type of sugar: Fructose has a value of 19, while maltose has a value of 105. 


Structure of the starch: Starches are made of amylose and amylopectin molecules. 


Foods high in amylose are difficult to digest and therefore have a lower GI. 


Processing: Processed foods generally have higher GI values than less processed 


or whole foods. 
Preparation: The longer a food is cooked, the higher the GI. 


Ripeness: The complex carbohydrates in fruit break down into simple carbohydrates 
as it ripens. For example, an unripe banana has a GI of 30, and an overripe banana 


has a GI of 48. 


Fortunately, there are some workarounds to help slow the processing of higher GI carbohydrates. 
Including fat, protein, or fiber (or all of these) with these foods can slow down the release of 


sugar. And foods that contain higher levels of these other macronutrients (fiber is technically a 


carbohydrate) also contribute to lowering the rating in both processed and real foods. 
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INSULIN: 


A peptide hormone secreted 
by the pancreas that directly 


affects blood glucose levels 
by facilitating glucose uptake 
into cells. 


Table 21.2 Glycemic Index (GI) 


GI 100 OR ABOVE 


GI 60 TO 69 


GI 40 TO 49 


GI 20 TO 29 


Meal replacement bar 


Bagel, white 


Beans 


Fructose 


Corn meal Brown rice Rice noodles Kidney beans 
Glucose alee Steel-cut oats Lentils 
GI 91 TO 99 Puffed wheat Sourdough bread 
Baguette, white/plain White bread Sweet potatoes 
GI 80 TO 90 GI 50 TO 59 GI 30 TO 39 GI 10 TO 19 
Electrolyte drink Banana Butter beans Blue agave 
Honey Blueberry muffin Chickpeas Peanuts 


Instant potatoes 


Pretzels 


Dates 


Granola bar 


Golden Delicious 
apples 


Ice cream 


Puffed rice cakes 


Pumpkin 


Skim or whole milk 


GI 70 TO 79 


Tomato soup 


Broad beans 


Yogurt 


Potatoes 


This approach to controlling blood sugar (blood glucose) levels can not only regulate energy 
throughout the day but also help control the release of insulin, which is a response to energy 
abundance (a higher level of glucose in the blood). Wellttimed and balanced meals can improve 
both body composition and performance. Controlling the GI is an approach to manipulating the 
need for or release of insulin. Insulin’s role in the activation of certain cellular pathways will 
instruct the cell to grow, proliferate, and/or allow glucose into the cell, thus having an incredibly 
important role in humans’ physiology. All life requires sugar (glucose), so the need for insulin and 
in some cases abundances of glucose can be required for not only longevity of cells but also 
hypertrophy. Coaches might think of hypertrophy as increasing lean body mass, while the actual 
definition is closer to “excessive nourishment”—a requirement for a shift in mass. This is why a 


diet with higher percentages of carbohydrates (and protein) is required to affect lean tissue levels. 
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Fiber 

Fiber adds another dimension to carbohydrates beyond just the regulation of blood sugar. 
It is categorized as either soluble fiber or insoluble fiber , and it not only contributes to the 
efficiency of the digestive system’s elimination process but also supports different biological 
functions in the body. The Recommended Dietary Allowance (RDA) of 20-38 grams per day 
has been correlated with overall improved health markers. Soluble fiber has been linked 
to reducing “bad” LDL cholesterol levels and feeding good bacteria within the colon, and 


insoluble fiber shows promise in sustaining a healthy colon and preventing constipation. 


Figure 21.1 What Does 25 Grams of Fiber Look Like? 


Chia Seeds Medium 


Apples 
3 Cups 4 Tablespoons 55 Apoles (wth skin) 


FAT 


Much like protein, fat is subcategorized into nonessential and essential fats (more commonly 
termed fats and essential fats). Though categorically simpler than proteins, fats are just as 
vital in a healthy nutrition plan. The omega-3 fatty acid alpha-linoleic acid and the omega-6 
fatty acid linoleic acid are essential fatty acids (EFAs). An abundance of fats can become 
adipose tissue (bodyfat), as can an abundance of carbohydrates or protein. The difference 
is both in the processing and density of energy contained in a gram of fat. Fat contains nine 
calories (kcal) per gram, opposed to four calories per gram of carbohydrate or protein. Fat 
does however yield higher amounts of ATP and its biological function is not limited to just 
energetics. EFAs are imperative for the formation of healthy cell membranes, which protect 
a cell’s contents from its environment, the smooth functioning of the brain and nervous 


systems, hormone production, and much more. 


SOLUBLE FIBER: 


Dissolves in water to form a 
thick gel-like substance in the 
stomach. It is broken down by 


bacteria in the large intestine, 
and the by-products of this 
bacterial metabolism provide 
some calories. 


INSOLUBLE FIBER: 


Does not dissolve in water 
and passes through the 


gastrointestinal tract relatively 
intact, providing bulk for stool 

formation and thus having no 

caloric value. 


ESSENTIAL FATTY ACIDS 
(EFAS): 


Necessary lipids that the 
human body can’t synthesize 
on its own but must receive 
through their diet. 
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From a performance and dietary standpoint, dietary fat is needed to transport fat soluble 
vitamins (A, D, E, and K) from food to cells. Without fat, cells would lack the ability to take 
advantage of these compounds, even if they were readily available in the blood. Dietary fat 
supports satiation, and fats can fill a calorie deficit in a nutritional profile without having to 
increase carbohydrates, allowing a person to get more calories in while not packing the gut 
full of high-bulk foods. However, since fat-rich foods are dense with calories, they are also 
easily overeaten and harder to quantify. For example, it’s difficult to quantify how much butter 
might have been used to sauté vegetables (butter being the fat source within that portion 
of the meal), unless the food was self-cooked. This emphasizes how important it is for 
individuals to make their own foods daily if strength-to-body-weight ratio, weight class, 


or performance are primary aspects of their sport or goal. 


ACTIVITY LEVEL AND MACRONUTRIENTS 


Carbohydrates, fats, and proteins can all be used as energy at different times and as the result 
of different physiological demands. Biological events change the rate and interactivity of these 
multiple pathways and can be active as they relate to energy production in special circumstances. 


This is discussed as isolated events to better understand how or why this may occur. 


Carbohydrate intake offers the most direct control over blood sugar levels and energy 
availability on a high-demand basis. This is arguably the fastest way to get cells the substrates 
they need to make energy to perform work. In a very binary sense, if daily energy output is 
high and consistent, then for performance purposes, carbohydrates should be high, relative 
to the demand of work being accomplished. This is especially true when bodyfat levels 
are low because then stored energy availability is also low. The caveat here is the level of 
conditioning and the difficulty of the contractions that are occurring. Walking for three hours 
a day through an office is obviously different from lugging construction equipment across a 
jobsite for three hours within a shift. How different the degree of work is can be illustrated 


using this work formula: weight times distance divided by time equals energy. 


Office Worker 
180 Ib. body weight (bwt) x 2 miles / 3 hours = 120 kcal 


Construction Worker 
(180 Ib. bwt + 50 Ib. of materials) x 2 miles / 3 hours = 153 kcal 


The requirement for and speed of replenishment are different, and performance can be 


impeded by a delay of glucose availability. 
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As blood glucose levels drop, hormones such as glucagon, cortisol, and growth hormone work 
to stave off hypoglycemia. When available stores of glycogen are low overall, gluconeogenesis 
taps into both amino acid pools and muscle protein as sources of carbon. Fatty acids also 
contain a glycerol molecule that can be used as a precursor to glucose and thus synthesize ATP 
at a higher abundance yet a slower rate of production. This makes the beta-oxidation pathway 
the theoretically favored pathway for longer, slower outputs. The liver does store glycogen at an 
abundance greater than 80 grams and is in constant use, signaling the pancreatic hormone 


glucagon to raise blood glucose levels when at insufficient concentrations. 


Assuming that training is adequate and is pushing the tissue and body beyond their threshold, 
dietary protein levels should provide what tissues need to recover and make up for any loss 
of protein during low-sugar phases of exercise, energy expenditure, or prolonged fasting. This 
table offers a starting point for calculating macronutrients for a client working on full-body 
conditioning, but it cannot take into consideration the nuances of different contractility levels of 
any variable exercise. As an example, a 45-minute workout where a client is building to a one- 
repetition-maximum back squat, despite its level of intensity, is not the same as 45 minutes of 


muscle endurance work with 3 sets of 10 repetitions of push, pull, bend, and squat. 
Table 21.3 Macronutrient Requirements Based on Activity Level 


G/KG BW/DAY | G/KG BW/DAY 


PHYSICAL ACTIVITY 


GLUCAGON: 


A peptide hormone released 
by the pancreas. When 
bound to the liver, glucagon 
increases blood sugar levels, 
preventing hypoglycemia. 


CORTISOL: 


A glucocorticoid (steroid) that 
can raise blood sugar levels 


to provide energy during times 
of stress (the fight-or-flight 
response). 


GROWTH HORMONE: 


A peptide hormone released 
from the pituitary gland that 
not only helps increase energy 
availability but also stimulates 
IGF-1 for bone and tissue 
growth and maintenance. 


LEVEL 
PROTEIN CARB 
General fitness 
0.08-1.0 3-5 
Low intensity/skill based 
Older individuals (athletes) 1.0-1.2 varied 
Moderate amount of intense 
training (1 hr/day) tolo oes E 
remaining 
calories 
Strength-trained athletes varied 4-7 
High volume of intense training 
8-10 
Endurance (1-3 hrs/day) 1.5-2.0 
Extreme, moderate to high 8-12 
intensity (4-5 hrs/day) 


General physical activity defined as 30-60 mins/day, 3—4 times a week 
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PREFRONTAL CORTEX: 


A brain region that plays a 


role in decision-making, error 
detection, executive control, 
and reward-guided learning. 


COFACTORS: 


Substances that must be 
present for another substance 
to perform a certain function. 


METABOLIC REACTION: 


Also called metabolism; 

the building-up (anabolic) or 
breaking-down (catabolic) 
processes that sustain life 
and, in some cases, result in 
energy storage or usage. 


The National Academies of Sciences Health and Medicine Division as of 2018 recommends 
130 grams of carbohydrates for sedentary individuals, with an increase to cover the demands 
of specific exercises, as the brain will consume roughly 60 percent of that baseline intake. This 
is a blanket allotment of carbohydrates as male and female brain differentials are negligible 


after myelination of the prefrontal cortex is complete, typically in a person’s early to mid-20s. 


One limitation to consider when designing a plan is the total amount of food that needs to be 
taken in calorically versus what a normal human being can consume. For example, a 190-pound 
male could not consume 530 grams of carbohydrates eating only clean carbohydrates with a 
low priority on starches. According to the National Consumer Complaint Database, 20 cups of 
cooked broccoli is still only 224 grams of carbohydrates (fiber included), and that’s not quite 
halfway to the goal. In addition, the gut needs to not only break down all of that but also have 
room for protein and an allotment of fat to cover basic biological needs. Ten cups of sweet 
potato amounts to a total of 310 grams of carbs, which is half the volume and potentially a 
bit more tolerable to the gut. However, this is still somewhat unmanageable, which means 
that simple carbohydrates, gels, and other dense yet structurally simple calorie sources may 


be needed to ensure stable glucose levels throughout the day as well as around workouts. 


Eating for athletic performance or muscle gain is not always in alignment with health outcomes. 
A diet high in simple carbs, often processed, also lacks micronutrients and, unless fortified or 


supplemented, can cause deficits that will wreak havoc on an athlete’s physiology. 


MICRONUTRIENTS 


Micronutrients are vitamins and minerals that support the regular development and 
maintenance of an organism. Humans can recycle or synthesize some vitamins, while others 
require an exogenous source—that is, they must come from dietary intake. Vitamins and 
minerals often serve as cofactors for metabolic reactions. A micronutrient’s presence 
(or lack thereof) can be rate limiting, meaning a metabolic process may take up to a 
hundred times as long without the presence of a certain vitamin or mineral, thus changing 


required outcomes. 


VITAMINS 


Referencing the client from the previous example, high-carbohydrate requirements might 
mean sacrificing whole foods. That same client might also reduce the amount of leafy greens 
and green vegetables in their diet. This is often an unconscious shift to not feel prematurely full. 


An athlete might have to forgo a large salad with an extensive collection of vegetables to 
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DID YOU KNOW 
save enough room and appetite for required starches and protein. Ironically, those omitted Antioxidants protect cells from 


oxidative damage caused 
by free radicals by helping 


vegetables are often high in B vitamins, a water-soluble vitamin that is intimately involved 


stabilize the cell’s molecular 
structure. Vitamin C plays a 
pathway, is highly dependent on thiamine (vitamin B1). This rate-limiting conundrum can [MAUI Seatac ice 

certain tissues in the body, 
spark an unhelpful and self-perpetuating cycle. like skin and gums. 


in the production of cellular energy. Glycolysis, the primary carbohydrate-driven metabolic 


Water-Soluble Vitamins 

Some vitamins are water soluble, where the molecule binds to water to enter the cell and 
remains contained within its lipid bilayer, which is hydrophobic. Ninety percent of blood is 
water, and certain plants and meats hold a significant amount of water content themselves. 
This should prompt the question of whether cooking is necessary to maximize water-soluble 
vitamins. Water (H20) is virtually the only molecule that expands when frozen, so frozen 
vegetables and fruits may contain lower amounts of vitamins since the expansion of water 
molecules can damage available vitamins. Steaming or boiling can also affect vitamin content 


as water leaving vegetables during cooking will still contain those vitamin molecules. 


Since these vitamins are specifically water soluble, overhydration or frequent urination (due to 
medication or other medical conditions) can deplete these vitamins, making them less readily 


available for the cell’s needs. 


Lipid Soluble 

These vitamins are soluble in lipids and organic solvents. Being able to cross the cell membrane 
(which is made of a lipid or fatty-acid bilayer) gives them the ability to be stored in higher 
quantities in the body. The proper ability to digest and absorb the macronutrient fat plays a large 


role in the assimilation and transport of this class of vitamins. 


A client that is low in either bodyfat or dietary fat may risk being at a deficit in any of these fat- 


soluble vitamins. 


USAGE OF FAT-SOLUBLE VITAMINS 


Like many components of nutrition, surplus or deficit of any one thing can be problematic, 
especially for fetal development. Though nearly all of these vitamins can be taken as 
supplements, it is important to consume as many of these as possible by eating nutritious 
foods as they can exist in different isomers. Vitamin E has over 100 forms in nature, yet roughly 
10 percent of those forms can be reproduced in a lab. Vitamin supplementation should start at 
the RDA-recommended levels for a healthy individual (with no clinically diagnosed issues), and 


changes to that intake should be signed off on by a licensed health care practitioner. 
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Table 21.4 Recommended Daily Vitamin Allowances 


ADULT ADULT 
MALE FEMALE 


VITAMIN BASIC OVERVIEW 


WATER SOLUBLE 


Thiamin Carbohydrate metabolism 


B2 Riboflavin Energy Production 

B3 Niacin Metabolism 
Pantothenic Cortisol and energy 

B5 3 - 
acid production 

B6 Pyridoxine Amino acid metabolism, 


immune function 


Biotin Macronutrient metabolism 


Synthesis of heme, methyl 


Folate donor 


Synthesis of proteins and 


cobalamin red blood cells 


Skin, ligament, and bone 


Ascorbic acid health; gums 


FAT SOLUBLE 


Eye health, jaw and bone 


A Renal formation 

D Gholecaloierel Needed for absorption of 
calcium and phosphate 

E Tocopherol Used in the maintenance of 
muscle 
Accumulates calcium 

K Menadione in bones, used in blood 
clotting 

MINERALS 


These micronutrients may be somewhat recognizable from the periodic table, but they contribute 
to many functions in both health and fitness. Found in trace amounts throughout human 
biochemistry, some serve as supporters of the nervous system and cell membrane potential, 
while others participate as cofactors and coenzymes to different metabolic processes. Taking 


a seasonal approach to eating creates a large variance in food choices that can help ensure 
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a good diversity of these minerals. A high-calorie, higher-carbohydrate diet that is dependent 
on processed foods may lack the requisite variety of minerals (not to mention vitamins). While 
mineral requirements and manipulation for health can get quite complex, there are a few important 


markers that clients can track with relatively low strain. 


Table 21.5 Minerals 


MINERAL FUNCTION RDA 
Calcium Hist ceed Ota Natl aaels function and bone and teeth 1,000 mg 
enlace regaiveloninedincoieryatr |p AOE 
lodine Needed for thyroid hormone synthesis 150 mcg 
Magnesium Required by many enzymes and the central nervous system 400 mg 
Potassium Required for nerve and muscle function and protein synthesis 3,500 mg 
Sodium Required for nerve and muscle tone and water balance 2,400 mg 
Zinc Found in some enzymes and transcription factors 15 mg 


Using most food-tracking programs or applications on the standard smartphone, clients can 
simply log their meals during each season of their training plans to get approximate data on 
potential surpluses or deficits in these minerals. Calcium and magnesium are notably alkaline 
earth metals that contribute to blood pH balance as well, something that the body spends a lot 
of energy to balance. As with water-soluble vitamins, excessive water loss or dehydration can 
result in depleted minerals, and that can affect desired homeostatic values in intracellular and 


extracellular water balance. 


Deficiencies 

Many vitamin and mineral deficiencies can be evaluated by medical professionals via blood 
and urine analysis. Recommendations for how to rectify any deficiency should come from these 
same individuals. As a coach, understanding a client’s nutritional history, lifestyle, and genetics 
can shed some light on the importance of any one of these micronutrients as it pertains to goal 
acquisition. When the opportunity arises, working in collaboration with a licensed professional 
can be an incredible strength for your client. Being able to better describe the exercise 
demands required for their goal and having a base understanding of these micronutrients can 


help establish and fortify a coach’s relationship with clients and their health care providers. 
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For example, in high-level recreational weight lifters or classic athletes, magnesium, zinc, and 
B and D vitamins are often chronically low due to the need to keep up with activity levels in 
conjunction with low levels of whole foods and the relatively low biological availability of these 
minerals in modern-day produce. Understanding these typical deficits allows a coach to know 


when to advise a client to seek medical support, and that can help achieve the desired outcome. 


HIGH-PERFORMANCE DIET 


For the sake of simplicity, performance here will mean work performed while maximizing 


output within a training session. Understanding that performance looks different depending 


on each goal, feeding can vary dramatically as it relates to different activities and goals such 


as bodybuilding, endurance, fat loss, or powerlifting. 


APPLICATION 


A principle discussed earlier argues that for top performance, the substrates need to not only be 
available but also undergo the necessary metabolic processes as efficiently as possible. So the 
lens through which a coach should look at how nutrition affects training outcomes is based on 


the type of energy required and the vitamins and minerals needed to sustain those pathways. 


TIMING VERSUS COMPLEXITY 


Before a workout, these two quantities are positively correlated. As the duration of time 
between feeding and the workout decreases, so should the complexity of the food. The goal 
here is to ensure that any time between feeding and training maintains optimal blood sugar 
levels, if not slightly elevating them to ensure that the needed glucose is available (depending 
on the type of training). This loading phase should not result in an insulin release, as that will 
generate an overall decrease in available sugars. It should also be easy on digestion (hence 


the decrease in complexity of the food). 


Fatty beef and raw broccoli will be much harder to digest, require more energy, and create 
a deeper parasympathetic tone than, say, sliced lean turkey and white rice in the same 
quantities. The fight over the nervous system tone can result in a redirection of blood 
flow. When highly sympathetic (fight-or-flight-activated) blood vessels leading to digestive 
organs are constricted (because no digestion is currently needed), flow to their now-dilated 
counterparts, which are bringing blood, oxygen, glucose, and other nutrients to working 
muscles and disposing of metabolic waste, improves. When ingested food is too bulky, 
there’s a risk of losing energy and blood flow for an extended period of time. Gastric emptying 


from the stomach alone can take two to four hours. 
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Table 21.6 Nutrient Timing Around a Workout 


CONSUMED DESCRIPTION CARB QUANTITY 
60 minutes + before Low-fat, lean-protein, low-fiber meal 1-4 g/kg of bwt 
during (>60 minutes) Sports drinks, powdered carbs, gels 0.7 g/kg of bwt/hr 
30 minutes after Carb and protein shake 1.5 g/kg of bwt 


Lean protein and processed white starch 


45 minutes after (rice/potato) 


60 minutes + after Regular meal, lower fiber overall, low fat 


Similarly, after a workout, trying to eat complex food too close to a bout of exercise drops the 
efficiency of the digestive system as the sympathetic nervous system works against basic 
digestion. The suppression of amylase (an enzyme that breaks down carbohydrates in saliva), 
HCI (stomach acid), and other digestive enzymes is characteristic of fight or flight. Consuming 
foods mirroring the pre-workout meal (or which are even simpler) allows the lowest drag on 
digestion to replenish glycogen stores (if needed) and allows the body to take up the protein 
needed for recovery. For trainees who have multiple training sessions per day or need to top 
off muscle glycogen for growth purposes, this window of time is beneficial as muscle cells are 
eager to uptake glucose, something that is normally reserved for an interaction with insulin. 
This can be a tool to help get in carbohydrates, especially when trying to improve a client’s 


insulin sensitivity. 


As for meals between workouts, the need for these changes with a lot of variables. One 
variable is the total time of a training session. A client might be in the gym for 90 minutes 
but perform only 60 minutes of exercise. The recommended time period for feeding and 
then fasting does lengthen in this case, and yet the speed at which energy is being used 
may not require more nutrition. Similarly, if clients are reporting low energy in the middle or 
toward the end of a training session (regardless of length of time), total work capacity should 
be assessed before increasing calories or introducing an intraworkout drink. Simple carbs 
such as gels, liquid sport drinks, and powdered carbs (commonly associated with endurance 
athlete communities) are likely the most well researched in ensuring the right hormonal 
responses are being suppressed and digestion is of the highest priority. The rough industry 
standard for intraworkout protocols suggests 24 ounces of water and 30-60 grams of simple 


carbohydrates per hour. 
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COMPLEXITY VERSUS INTENSITY 


After a post-workout shake, which research suggests should have a 2:1 carbohydrate-to- 
protein ratio to maximize digestion, the client should have a whole-foods meal within a certain 
subjective period relative to training history, type of training, and fitness level. This would 
look like any variation of the ratio, as it pertains to the needs of the individual—if the 
athlete required 60 grams of post-workout carbohydrates, they would add 30 grams of protein 
to it to complete for digestion and recovery. Complexity and intensity is another positive 
correlation—the more intense the workout is (unrelated to the time it takes), the longer 
a client should wait before eating a standard (and thus complex) meal. This comes down 
to nervous system tone. The goal is to get the physiology as parasympathetic as possible 
before challenging it with more complex foods to capitalize on assimilating nutrition while 


also avoiding digestive disruptions (gas, bloating, indigestion, and diarrhea). 


PERIWORKOUT 


The timing and complexity of food as it relates to exercise and performance are tightly bound by 
the principles of available energy and the cofactors required to create the catalytic responses 
needed downstream. This answers the questions of how and when simply by understanding 
the speed at which an individual can take in food, break it down to its constituent parts, 
absorb it, and have it in the bloodstream as a resource. This is what inherently makes or 


breaks performance, regardless of the style of work that is being performed. 


CALORIC INTAKE AND ATHLETE GOALS 


Creating a nutritional profile should reflect the client’s current goal. The focus should be on 
one goal for a season (or mesocycle). Focusing on weight loss at the same time as strength 
or size increases, though possible, is not a good practice. It’s better to design specific 
nutrition for a period, to align with a specific program, both working synergistically to help the 


client achieve their goal. 


If the goal is weight gain (preferably lean mass), then nutrition should support it just as much 
as the training does. This means providing a surplus of calories and ensuring that the raw 
materials needed—proteins (amino acids) and fats (essential fatty acids)—are spoken for. In 
most cases, insulin needs to be at work here as its downstream intracellular communication 


is what tells the cell to survive and proliferate or grow. Eating a low-carb diet or simply limiting 


calories will pose problems when trying to increase mass. 
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Weight loss is a delicate area as extended periods of energy restriction can down regulate the 


BASAL METABOLIC RATE 
(BMR): 


The rate at which an 
endothermic animal expends 


basal metabolic rate (BMR), which further affects the body’s ability to burn calories. As noted 
earlier, energy yield requires an energy investment. Setting a minimum of intake of calories as 


BMR or BMR + 20 percent and then spontaneously reducing calories via energy expenditure 


energy while at rest; in other 
(non-exercise activity thermogenesis [NEAT] and exercise energy expenditure [EEE]) for a words, the energy used for 
the normal biological function 
controlled period of time is a standard place to start. of the body’s organs and 
systems. 


Rapid weight loss for non-bodybuilders should last less than four weeks if metabolic rate 
is already below par. Lower calorie deficits can last for longer periods of time with no ill 
effects. A 500-calorie deficit can result in virtually one pound of weight loss every 7 days, 
but the client may sacrifice some lean mass, which can contribute to a lowered metabolism. 
A 300-calorie deficit may create only one pound of weight loss in approximately 12 
days, but there will be virtually no decrease in metabolic rate, and the practice could extend 
for two or three months if needed. Much like training age, the longer someone has been 
exposed to these rigors, the more finite and controlled the variables need to be able to shift 
the scales in the desired direction. Thus, for example, going from 20 percent to 15 percent 


bodyfat may be much easier than going from 10 percent to 9 percent. 


CALORIC APPLICATIONS 


As discussed, all macronutrients carry an energetic value. 
+ One gram of carbohydrate = 4 calories 
- One gram of fat = 9 calories 
- One gram of protein = 4 calories 
The simplest way of looking at weight gain or loss is the energy in/out equation: 


Ein > AE > Eout 


When energy output exceeds input, weight is lost (adipose tissue and perhaps lean mass). 
When energy in exceeds output, weight is gained (lean mass and adipose tissue). 


Gain is anabolic or building up, whereas loss is catabolic or breaking down. 


In some cases, clients can use a heart rate (HR) monitor to help indicate an approximate EEE, 
but its accuracy barely rivals that of food logging, as HR cannot account for total mitochondria, 


thyroid regulation, and other neuroendocrine functions that help mediate true BMRs. 
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Justas c 


for exerc 


Over the 


lients often misreport nutrition quantities (giving an inaccurate view of total nutrition 


inputs), wearables and HR monitors have the same inadequacies. Caloric burn assumptions 


ise might vary across clients. Endurance training, traditional running, and cycling 


likely have some of the best technology accounting for these parameters for what may be 


considered a healthy individual. 


years, two formulas for establishing BMR have shown consistent efficacy. 


Basic equation 
BMR = bwt in kilograms x 20 
184 Ib. > 83.6 kg x 20 = 1,672 BMR 


This simple equation does not take age, height, or gender into account. 


Mifflin St. Jeor equation 


BMR = (10 x bwt in kilograms) + (6.25 x height in centimeters) 
— (5 x age in years) + S (a gender-dependent factor—for males, 
S = +5; for females, S = —161) 


+ 184 Ib., 34 years old, 5'10” 
Male: 1,871 BMR 
Female: 1,614 BMR 


OTHER CALORIC NEEDS 


From the 


through t 


production of enzymes to the contraction or peristalsis that moves digested food 


he small intestine, energy is needed. 


This required energy is called the thermic effect of food (TEF): 


e Carbohydrates: 5-15 percent 


e Fat: 5-15 percent 


e Protein: 20-35 percent 


On the low end, TEF is an average of 10 percent of incoming calories. In the previous example, 


to net ze 


ro calories for a completely sedentary lifestyle, the male’s BMR of 1,871 could be 


multiplied by 1.1 (to increase it by 10 percent) to get a new total of approximately 2,058. 


NEAT is the physical activity humans spontaneously do throughout the day. Sometimes NEAT 


is best looked at via occupation type. The physical activity level (PAL) is a multiplier that you 


would then apply to your BMR before accounting for TEF: 
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Table 21.7 PAL Based on Occupation 


OCCUPATION TYPE PAL 
Chair-bound or bed-bound 12 
Seated work with no option of moving around and little or no strenous leisure activity 1.4-1.5 
Seated work with discretion and require to move around but little or no strenous leisure activity 1.6-1.7 
Standing work (eg, housewife, shop assistant) 1.8-1.9 
Strenous work or highly active leisure 2.0-2.4 


It may be extrapolated that the 184-pound 34-year-old male with a BMR of 1,871 from the 
previous example is in an office sitting all day. To get an ideal caloric intake for this individual, 
take 1,871 and multiply it by 1.2 (NEAT) to get a result of 2,245.2 calories. Then multiply it 


again by 1.1 (TEF) to get a grand total of approximately 2,470 calories. 


The test would be to have this client control that intake of food and see if performance goes 
up or whether there are any fluctuations of bodyfat. If weight goes up drastically (dismissing 
any water gain from net carbohydrate increases), then potentially, PAL is overestimated—that, 
or the coach has not taken into consideration any hormonal pieces that may be affecting 
output from a metabolic perspective (low thyroid, prolonged energy restriction, and so on). 


High daily activity level and moderate caloric intake can be the same as undereating. 


The male from the example above is now eating 2,470 calories and doing bodybuilding, 
spending 200 calories in training, according to his hypothetical wearable or other EEE 
measurements, putting him at a total of 2,670 to roughly net zero calories at the end of the 
day. Now looking at intensity and training, the coach would go back to the tables of protein 
and carbohydrate allotments and start to create the client’s macronutrient ratios, if he’s at a 


level where this can be achieved in compliance. 


HYDRATION 


Managing hydration can be completely intuitive to some and nearly impossible for others, 
possibly because of imbalances in other areas of their physiology. The body’s ability to maintain 
water balance is controlled by homeostatic controls, but it is also altered by nervous system 
tone, exogenous intake (drinking water), and dietary choices. Its importance goes beyond just 
transporting water-soluble vitamins—water is the conduit via which the neurological system 
operates. It accounts for 90 percent of the content of blood and virtually 75 percent of the 


wet matter in cells (cytoplasm). 
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CELL WATER ABSORPTION 


Water, like all other molecules, follows the laws of physics and abides by concentration 
gradients. If it is highly concentrated in the blood and has a low concentration in the cell, it will 
inherently work toward diffusing into the cell to help achieve equilibrium. Other molecules 
like creatine and glucose can also help usher water into a cell. Traditional research suggests 
that a single gram of glucose can bring anywhere from two to four grams of water into the cell 
mass, creating a higher level of intracellular water. For body composition, this can help create 
more size and definition without appearing bloated. It can also create the illusion of more 


lean body mass in a bioimpedance scale that estimates bodyfat percentages. 


DEHYDRATION 


Paradoxically, not enough water and too much water both result in roughly the same thing— 
dehydration. Blood is an extracellular fluid; when these levels are low, blood pressure 
drops. Simultaneously, following the rules of diffusion, water must move from areas of high 
concentration to areas of low concentration. Water will leave cells to create equilibrium within 
the circulatory system. This not only reduces intracellular water but, coincidentally, since 
sodium follows water, it also reduces the electrolyte status of that cell, potentially changing 
its membrane potential (charge). In muscle and nerve cells, this can be problematic since 
it leads to decreased contractility. Similarly, diets high in sodium can pull water from cells 


to help balance the concentration and dilute the amount of sodium within the bloodstream. 


Consuming too much water too fast results in a higher volume of fluid in blood. This 
inherently affects blood pressure, and this increase is homeostatically checked and balanced 
by baroreceptors and the hypothalamus. When pressure is too high, signals are sent 
downstream to have the kidneys decrease reabsorption of water after filtration and put the 
excess into the urinary bladder for disposal. This is a costly process, energetically speaking, 


and can also result in a loss of minerals. 


DIETARY EFFECTS ON WATER AND RETENTION 


With all other variables being even, it’s also important to recognize that shifts in macronutrient 
profiles will often push a client to hold or release more water. If someone is on a low- 
carb meal plan and starts to shift to a higher-carb meal plan, their body weight will go up 
purely due to increased water retention. Trainers should remember that this is not bloat. Any 
puffiness around the midsection is more likely an issue with digestion and assimilation due 


to the increased carbohydrate and fiber intake. Creatine will act in a similar manner upon the 
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loading and maintenance phases and release water when subsequently shelved for a cycle. 
Similarly, a client going from a high-carb diet to a low-carb diet will see an initial water-weight 
drop at the beginning of the diet. Keeping someone well hydrated, especially through this 
phase, can help to ensure vitamins and minerals are balanced and energy levels are not 


crashing throughout the transition. 


STANDARDS FOR HYDRATION 


Two to three liters of water per day is the most common hydration recommendation. That said, 
it’s also, like many things in the field of nutrition, only a starting point. Geographical location 
(weather), perspiration and respiration rates, and exercise and elimination (urine and bowels) 


all affect how much water is needed. 


In addition, since roughly 60 percent of a body is made of water, total body size affects 
calculation of a more accurate number. In adults, the brain and heart are 73 percent water, 
the lungs are about 83 percent water, the skin weighs in at 64 percent, muscles and kidneys 
are virtually 79 percent, and bones are 31 percent. Since muscle mass varies from person 
to person, more individualized approaches to daily water intakes might start with a half-ounce 


of water per pound of body weight. 


It’s estimated that humans lose roughly 2.5 liters of water a day through defecation, respiration, 
perspiration, and urination. This needs to be accounted for via water intake from beverages, 


the water content of food, and metabolic water, the by-product of cellular respiration. 
Signs of dehydration include the following: 


+ Dry mouth 
+ Headache 
- Muscle weakness or low performance 


+ Reduced urine production 


Fitness professionals should remember that especially clean-eating individuals may risk 
being low in sodium, which can contribute to imbalances in water levels. Doing routine check- 
ins with tracking software can be a great method of checking on this without forcing the client 
to run routine blood work with their health care practitioner. If the client has a history of eating 
disorders, it may be best for them to recite a food recall to you while inputting the results into 


the software yourself. 
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MONITORING HYDRATION 


Some of the more sophisticated tracking applications can account for the amount of water 
in the food your client is consuming. These more detailed databases are growing daily and 
can help an individual recognize the total amount of water they’re taking in from both liquids 


and solid foods. 


Water is the conduit for the electric current that is responsible for the neurological system. 
Inadequate water levels result in shifts in the minerals, which can change the resting potential 
of a cell (neuron in this case). When an efferent signal is sent and the cell’s potential is 
augmented, it can produce a lower or slower result, hence affecting the ability to contract 
a muscle at the required force. As water makes up the vast majority of blood plasma, both 
high and low extracellular water volumes can affect blood pressure and autonomic nervous 


response in terms of correcting the imbalance towards homeostasis. 


Nonathletes still hear the advice to drink when they are thirsty, and they’re told that thirst 
itself suggests minor dehydration. However, caffeinated beverages and heavy meals may 


affect some of those sensations. 


For the average athlete, water check-ins can be a great method of maintaining hydration. This 
simply means weighing in before and after each training session and then replenishing the 


lost water. Here’s an example: 


Pretraining: 184 Ib. 

Post-training: 181.5 Ib. 

Water loss: 2.5 Ib. 

Water per pound: 15.34 US fluid ounces 


2.5 Ib. lost x 15.34 ounces of water per pound = 38.34 ounces 


Ideally, the athlete will sip this water, and the addition of trace minerals or a dash of sea 
salt to help rebalance electrolytes and water lost through perspiration can also be helpful. 
This would be in addition to the regular amount of water the client would be drinking. That 


amount can be calculated like this: 


Bwt: 184 Ib. 

Water: 50 percent of bwt in ounces 

184 Ib. x 0.5 = 92 ounces 

Post-exercise water uptake = 38.34 ounces (see example above) 


Total for the day: 130.34 ounces 
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If hydration is a known issue for an individual, it’s important to not overwhelm the system. 
Small incremental (trackable) amounts are a good place to start. Sometimes a fun new water 


bottle can be a great catalyst to kick off a new habit of hydration. 


COMMON SUPPLEMENTATION 


All supplementation should be approved by a client’s health care practitioner before 
implementation as coaches should not be providing supplement recommendations to clients, 
only educating them on advantages or disadvantages of them. However, simply being able to 
educate clients on the efficacy of these products considering their goals can be very helpful 


in aiding them in their journeys. 


BRANCHED-CHAIN AMINO ACIDS 


The branched-chain amino acids (BCAAs) are the indispensable amino acids isoleucine, 
leucine, and valine. Together, these three amino acids make up about 35 percent of the 
amino-acid content of muscle tissue. Each of these amino acids is also used by the body 
for energy. Studies confirm that under conditions of stress, injury, or exercise, the body uses 
a disproportionately high amount of BCAAs to maintain nitrogen balance. Studies also 
indicate that leucine is used at rates two or more times greater than isoleucine and valine. 
Many amino acid formulations on the market therefore have about twice as much leucine 


as the other two BCAAs. 
Some of the exercise-related benefits observed in research studies include the following: 
+ Increased exercise endurance 
+ Reduction of exercise-related fatigue 
+ Improved mental performance 
+ Increased energy levels 
+ Stimulated protein synthesis 
+ Improved nitrogen balance 
+ Improved immune system function 
+ Increased lean body mass 


+ Increased strength 
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Athletes, especially bodybuilders, report muscle growth and strength benefits from effective 
BCAA formulations. However, the BCAAs are not just for bodybuilders and power athletes. 
Endurance athletes can also benefit from BCAA supplementation. Research has determined 
that endurance athletes use over 50 percent of their total daily leucine for energy purposes. 
This means that endurance athletes might need to eat several times the recommended 
amount of protein to maintain nitrogen balance. An alternative method these athletes can 


use is to fortify their base diet of food proteins with supplementary BCAAs. 


BETA-ALANINE 


Attention was directed toward beta-alanine when it was found that taking beta-alanine 
supplements might increase the body’s supply of carnosine. Carnosine is found in the 
skeletal muscles and other tissues of animals (including humans). Carnosine is reported to 
be synthesized in the body from beta-alanine and L-histidine. Carnosine has a few biological 
functions, including antioxidant activity, activation of myosin ATPase activity, enhanced copper 
update, and—of interest to athletes—buffering the acidic pH increase from exercising 
muscles. Exercise and athletic performance may therefore be enhanced by an increase in 
intracellular buffering capacity, which can delay fatigue caused by increased muscle acidosis. 
Most research studies into beta-alanine supplementation reported exercise performance 
increases. Significant benefits were especially observed in high-intensity exercise bouts 


lasting between one and four minutes. 


One concern about beta-alanine supplement use is a minor side effect that has been reported 
by supplement users and documented in the research studies. For example, Health Canada 
notes the following in their beta-alanine use instructions: “May cause a flushing, tingling 
and/or prickling sensation of the skin, in which case, reduce the dose.” Of course, individuals 
experiencing these skin reaction symptoms should consult their doctors and discontinue 
use until a safe minimum daily dosage can be established. Athletes can start with smaller 
dosages and work up to higher dosages—for example, 0.5 gram twice a day for a week, 
1 gram twice a day during the second week, and 1.5 grams twice a day thereafter. 
Current thinking is that beta-alanine may have measurable benefits for high-intensity 
exercise and athletic performance lasting less than 25 minutes. While beta-alanine 
use may be considered experimental for other sports and durations, keeping good 


exercise, training, and competition performance notes may reveal benefits for all types 


of athletes. 
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CAFFEINE 


Caffeine can improve mental (cognitive) and physical performance, including athletic 
performance. However, a major issue with caffeine supplements, caffeine drugs, and caffeine- 
containing foods is misuse and abuse because caffeine can cause unhealthy side effects. 
The FDA lists several side effects related to caffeine use, including the following: 

+ Nervousness or jitteriness 

- Difficulty falling asleep and staying asleep 

+ Rapid heartbeat 

+ Uneven heart rhythm 

+ Higher blood pressure 


+ Headaches, nervousness, and/or dizziness 


+ Increased health concerns for pregnant and lactating women 


CREATINE AND GLUTAMINE 


Research has shown that the combination of both creatine and glutamine had improved 
initial rate of power production in exercise and an opportunity to increase lean body mass 
for athletes training for hypertrophy, when compared to athletes taking only creatine or a 
placebo. While creatine is most known for pulling water into cells and creating a more full 
look to muscle, glutamine is not only a BCAA but also well known for its suppressing of 


inflammation in the intestines, one of the body’s largest organs. 


Researchers have determined that body mass and lean body mass increases can be ata 
greater rate for individuals supplementing creatine monohydrate glutamine-taking groups, 
compared to those taking the placebo. Additionally, athletes may exhibit significantly greater 


improvements in initial rate of power production. 


WHEY PROTEIN 


Whey protein is often the least inflammatory supplemental protein among those not already 
broken down into their amino acid forms (compared to casein). The most generic version 
is whey concentrate, which likely is the least refined, and individuals with lactose issues 
might have a hard time consuming it. Whey isolate is more refined (and more costly). It is 
primarily whey, but it is relatively low in lactose sugar, which often ferments in the digestive 
tract, causing gas and bloating. Whey hydrolysate is the purest form of whey and arguably the 
easiest to digest, but it is also the most expensive of the three. Whey is a great option for 
anyone currently having a hard time getting enough protein (in addition to real-food meals) or 


those who require extra (and easily digestible) protein after a training session. 
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LEARNING OBJECTIVES 


1 | Explain the role of supplements in sports performance 


2 | Describe the supplements used to increase strength. 


3 | Identify popular supplements for increasing speed 
and reaction response. 


4 | Identify popular supplements for increasing endurance. 


5 | Explain the risks of weight loss supplements. 
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ERGOGENIC AIDS: 


Anything that provides a 


mental or physical edge when 
exercising or competing. 


WORLD ANTI-DOPING 
AGENCY (WADA): 


An international committee that 
monitors and fights against 
drug use in professional sports 
and athletics. 


DID YOU KNOW 


WADA is constantly updating 
the list of ingredients banned 
from professional sports? For 
the most up-to-date list, visit its 
website at https://www.wada- 
ama.org/en/content/what-is- 
prohibited. 


Most athletes (as well as many more casual exercisers) are looking to perform better, 
increase their fitness, or gain an advantage over their competition. To this end, many will 
turn to supplements and ergogenic aids they believe will help take their performance to the 


next level. 


This unit will discuss the advantages and potential risks of popular dietary supplements and 
ergogenic aids, particularly those intended to support specific types of athletic growth such 


as speed, strength, endurance, recovery time, or fat loss. 


Supplement use is not specific to professional athletes. Young people and weekend warriors 
are equally likely to both use and seek advice about using supplements. While a strength 
and conditioning coach should have a full understanding of popular supplements in these 
categories, a coach should always remember that recommending supplements is beyond the 


scope of their practice. 


While many supplements are well researched and seem to have potential benefits, this does 
not necessarily mean they are legal or accepted by the World Anti-Doping Agency (WADA). 
For this reason, in addition to considerations of safety and legality, coaches should not 


recommend nutritional supplements to clients for any reason. 


While a fitness professional should not recommend nutritional supplements, they should 
maintain a firm understanding of what is popular and what the latest research says. Pointing 
clients to the research and allowing them to decide for themselves whether the advantages 


outweigh the risks is a responsible strategy. 


SUPPLEMENTS FOR ATHLETIC PURPOSES 


The economic effect of modern professional sports is substantial, so it’s not surprising 
much research has been performed on supplements specifically designed for competitive 
use. That said, these supplements are not hard to find—they’re routinely stocked in grocery 
stores or pharmacies. Their ready availability means that even casual exercisers use these 
supplements, often without consulting a professional or in any way determining whether a 


supplement is right for them. 


While there may be substantial research to support the benefits these supplements may 
have, without a proper training program or sound nutritional strategy, the results can be 
disappointing. A strength and conditioning specialist must affirm to their clients the 


importance of prioritizing regular exercise and proper nutrition over supplementation. 
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INGREDIENTS VERSUS COCKTAILS 


While a company may sometimes fund a research study to prove the efficacy of its product, the 
majority of funding goes toward researching individual ingredients, sometimes combined with 
secondary ingredients designed to support the uptake of the primary ingredient. Therefore, 
it is most useful for strength and conditioning coaches to be able to identify and understand 


individual ingredients (and their effective dosages) rather than any particular branded product. 


Most supplements are a cocktail of several ingredients blended together to create a single 
product. While there is nothing inherently wrong with a company’s decision to produce a 
product in this manner, many of these products do not provide the relative amounts of 
each ingredient. By creating a proprietary blend, a company is legally permitted to list the 


ingredients but not their proportions. 


Since companies often do not provide the amounts of each ingredient in a particular product, 
it is impossible for anyone, however experienced, to fully understand the product or judge 
its appropriateness. This is something a coach might usefully communicate to clients, who 


should be making the best decisions for themselves based on the available information. 


NUTRITIONAL SUPPLEMENTS 


There are many prominent protein powders on the market, but nutritional supplements exist 
for all three macronutrients. While these are not typically as popular among casual athletes, 
carbohydrate and dietary fat supplements can play a role in building strength, endurance, and 


mental acuity. 


Figure 22.1 Nutritional Supplements 


These supplements provide more of the common macronutrients found in foods. 


PROPRIETARY BLEND: 


A combination of ingredients 


that does not legally need 
to list the amount of each 
ingredient within the product. 
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DID YOU KNOW 


Whey protein was originally 
considered a waste product? 
Some people used whey, a by- 
product of the cheese-making 


process, as a food alternative, 
but the majority either fed it 

to livestock or pumped it into 
rivers and streams. Now it is a 
major ingredient in the billion- 
dollar protein industry. 


PROTEIN SUPPLEMENTS 


Because of their comparatively extreme physical expenditures, athletes can find it challenging 
to consume enough protein through food sources alone. Recent research and improvements 
in mixability, flavor, and nutritional strategy mean that quality protein powders may be an 


option for those falling short of their daily needs. 


Figure 22.2 Digestion of Protein 
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Proteins are broken down into peptides, then amino acids as the building blocks of muscle tissue. 


Newer forms of protein (such as cricket protein) are becoming more widely available, but the 
majority of research has been devoted to a handful of options. Here are the most common 
and most thoroughly researched proteins available on the market today from both animal 


and plant sources. 


Whey Protein 

Whey accounts for 20 percent of the protein found in milk. Derived from whey, a by-product 
from the cheese-making process, whey protein is now the most popular protein choice on 
the market. As with all foods, different manufacturing processes determine the quality and 


price of the protein. 


There are three main types of whey protein: whey concentrate, whey isolate, and whey 
hydrolysate. Whey concentrate, although still found on supermarket shelves across the 
world, can cause digestive irritability in those sensitive to lactose, so many choose whey 


isolate as their preferred whey source. 


In addition, the rate of digestion accelerates with each type, concentrate being the slowest 
and hydrolysate the fastest. Whey hydrolysate is the least popular due to the price the 


consumer must pay per pound. 
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Manufacturing processes also alter the quality of the protein. When choosing a protein, 


UNDENATURED: 


Processed directly from milk 


athletes should look for a source that is undenatured, cold processed, and preferably 


microfiltered. A stand-up supplement company will adhere to these practices, so if a price EIE ioeo 
cheese-making process. 


appears too good to be true, a substandard manufacturing process may be the reason. 


MICROFILTERED: 


Describes the product of 


The other 80 percent of protein found in milk is casein protein. This slower-releasing protein a filtering process used to 
eliminate toxins and impurities. 


Casein Protein 


is commonly used as a time-release protein, and it is sought by those who believe they need 


a protein that constantly delivers amino acids into their bloodstream. The need for this is 


TIME-RELEASE: 
debatable, but there is one crucial point of confusion not explained on supplement labels. A release that happens 

gradually rather than all at 
Casein protein naturally has a slow time release mostly due to its absorption in the gut. once 


A supplement company promoting its product as a time-release protein should be using 
a type of casein called micellar casein, which is engineered to have specifically a seven- 


hour time release. 


Like whey concentrate, casein can cause stomach irritability in some people, so if someone is 


experiencing this issue, they would be wise to choose another option for protein supplementation. 


Egg Protein 

Egg protein was marketed as an alternative protein for those with dairy or lactose intolerance. 
It was more popular before the development of whey protein isolate, which has had the 
majority of lactose removed, but although it has lost traction in the market, it still has its 
attractions for clients who are very sensitive to dairy or who prefer egg protein for other 


reasons—for example, nutritional strategies such as paleo or ketogenic diets. 


Egg protein has a longer time release than casein protein: it takes four to five hours for all 
amino acids to enter the bloodstream. For those who desire to consume a slower-digesting 


protein that does not include dairy, this could be an option. 


Beef and Collagen Protein 

Another option for those who do not want a dairy-based protein is beef protein. It is a complete 
protein in that it contains the nine essential amino acids. However, it is important to note that 
supplemental beef protein consists primarily of proteins from gelatin and collagen sources, 
making them slightly different from the amino acids found in beef meat like steak. Beef 
protein powder also does not contain the same amount of branched-chain amino acids found 


in cuts of beef. 
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Rice Protein 
While rice is technically a grain, rice protein falls into the plant-based protein category since it is free 
from animal products. There is some promising research indicating rice protein has the potential 


for helping to improve recovery from strenuous workouts and build strength and hypertrophy. 


Like whey, there are different processing methods that produce differing qualities of rice 
protein. Two rice-protein products are rice concentrate and rice isolate. While gritty in texture, 
rice protein has a mild flavor and can be used as a stand-alone supplement or mixed with 


other plant-based ingredients to limit the earthy taste of the product. 


Pea Protein 

The most commonly sold plant-based protein is pea protein. Because pea protein has an 
amino acid structure similar to animal-based proteins and because it can be produced at 
a dramatically reduced cost, brands latched onto pea protein and promoted it heavily. The 
result of this product-marketing blitz is that pea protein has become the heavyweight of the 


plant-based protein category. 


Pea protein has a distinct flavor, so while it is sold as a stand-alone product, it is more often 
mixed with other plant-based proteins to reduce its earthy flavor. While further research 
needs to be performed, it does appear that gram for gram, pea protein stands up to whey 


protein in strength development. 


Hemp Protein 

Hemp protein is another option for those who follow a plant-based nutrition program—and 
not just for the essential amino acids it contains. While rice- and pea-derived powders isolate 
the protein and remove everything else, most hemp proteins keep several other important 
ingredients found in hemp, including omega-3 fatty acids and fiber. Many of the hemp protein 
powders on the market have substantial amounts of fiber as well as protein. While these 
products can be correctly called hemp protein, comparing them to other types of protein 


powder on the market can be confusing. 


Hemp protein has an amino acid profile similar to that of egg whites, making it low in lysine. 
Therefore, while hemp protein is fine as a single meal on a day when lysine is made up for in 


other meals, it cannot be someone’s exclusive source of protein. 


Hemp protein is a good option when combined with other ingredients high in protein because 


its fiber and omega-3 content can build something closer to a complete meal. 
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DID YOU KNOW 


That just because a product says protein on its front label, that does not mean that the 
entire contents of the product are derived from a protein source? A company may cut 
costs by including more inexpensive ingredients or even fillers that serve no nutritional 
value. Other companies may call a product a “protein” powder, but in reality, it is more of 


a meal replacement due to the inclusion of carbohydrates and fats. 


A strength and conditioning specialist should understand the differences—and inform 


their clients about these differences—to help clients supplement correctly based upon 


their needs. 


CARBOHYDRATE SUPPLEMENTS 


Initially used by long-distance athletes to maintain energy levels, carbohydrate supplements 
have trickled down all the way to the most anaerobic athletes. These are now routinely used as 


part of a pre-workout, intra-workout, or post-workout strategy, or even as a meal substitute. 


Carbohydrate supplements typically include rapidly digested carbohydrates that provide 
sufficient levels of glycogen to help an athlete maintain performance during strenuous bouts PRE-WORKOUT: 


of activity. Examples of such carbohydrates include maltodextrin, dextrose, vitargo, and highly Before the beginning of a 
workout. 


branched cyclic dextrin. These carbohydrates quickly convert into glucose, helping an athlete 
deliver a longer, more consistent performance, whether anaerobic or aerobic. 
i p INTRA-WORKOUT: 


Any point during a workout. 


In response to the demands of today’s busy world with its increasing need for convenience, 


complex carbohydrates are now available in mixable powders that quickly dissolve in liquid. 


POST-WORKOUT: 


After the completion of a 
workout. 


These complex carbohydrates (such as sweet potato, oats, rice, and more) are sometimes 


found in meal-replacement drinks but are also sold as stand-alone substitutes. 


Little research has been done comparing the whole-food versions of these ingredients to the SHELF STABLE: 


powdered supplements, but certain standards should be self-evident. A complex carbohydrate A food or supplement 
, BN ; y preserved to be stable at room 
powder is a food, and to protect a food from spoiling and degrading, it must undergo a temperature for longer than it 


would naturally. 


manufacturing process to ensure it is shelf stable. One such process is freeze-drying, which 


retains the micronutrients and extends the time during which the product is safe to consume. 


FREEZE-DRYING: 


A process that uses cold 


temperatures to flash freeze a 
food to preserve the quality of 
the food. 
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SOLUBLE FIBER: 


fiber that receives water and 
becomes a gel-like substance 
as it travels through the 
digestive tract. 


INSOLUBLE FIBER: 


Fiber that travels through 

the intestinal tract without 
dissolving at any point during 
digestion. 


Complex carbohydrate supplements may help the strength and conditioning client reach their 
higher-than-normal caloric needs. A supplement places less strain on the digestive process, 


and that can allow for a greater quantity of food ingested at a sitting or throughout the day. 


Perhaps the most popular carbohydrate supplements come in the form of fiber. Many 
people struggle to take in their daily recommended amount of fiber and may benefit from 
supplementation. Insufficient fiber intake may cause problems as the increased caloric 
demands in conjunction with too little fiber can cause a buildup of toxins, resulting in 


uncomfortable bloating and low energy levels. 


Popular fiber Supplements include both soluble fiber and insoluble fiber. Fiber supplements 
might include beta-glucans, inulin, isomalto-oligosaccharides, lignan, pectins, psyllium, and 
resistant starch. While getting enough fiber is important, it is also important that an athlete 
not consume too much fiber, as this may provoke intestinal distress, deplete necessary 


micronutrients, and cause dehydration. 


DID YOU KNOW 


The Recommended Dietary Allowance suggests that males consume 30 to 38 grams and 


females consume 25 grams of fiber in a day? The average adult consumes only 15 grams 


per day, leaving them well short of those requirements. 


FAT SUPPLEMENTS 


Products rich in fatty acids have become popular among athletes as alternative energy 
sources in addition to their apparent ability to improve joint mobility and reduce inflammation. 
They can also help an athlete fill their caloric needs if they struggle to consume the amount 


of fat they need to fuel strength and performance. 


Medium-Chain Triglyceride (MCT) Oil 
The primary use of medium-chain triglyceride (MCT) oil has changed in recent years. Its initial 
popularity as a supplement was among endurance athletes as a secondary source of energy 


for long bouts of cardiovascular activity. 


MCT is now commonly used as an alternative energy source for those who follow a 
carbohydrate-restricted nutritional strategy (such as keto) where they use ketones for energy. 
Whether it is used to support a nutritional choice or to fuel endurance activities, the research 


suggests possible benefits to supplementing with MCT oil. 
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DID YOU KNOW 


Did you know MCT oil produces ketones, which are typically manufactured by the body 


as an alternative energy source when glucose is not available in sufficient quantities? 
MCT oil provides this energy source without the time it takes for the body to transition 


into ketosis. 


In addition to sustained energy, MCT oil supplementation has been shown to decrease lactic 
acid buildup, allowing for the possibility of increased muscular endurance. Users of MCT 
oil also report better cognition and concentration, but more research is required to validate 


those benefits. 


Supplementing with MCT oil should be done with caution. Some individuals have trouble with 
MCT due to digestive issues. An athlete who wants to use MCT oil should start with small 


doses at a less strenuous time and gradually increase the quantity they consume. 


Omega-3 Fatty Acids 

Fish oil is rich in omega-3 fatty acids, particularly eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA). These two fatty acids are most abundant in fatty fish, and 
those who infrequently consume meals containing fatty fish (or omega-3-rich plant sources 
such as seaweed or algae) will likely be deficient in these nutrients. There are, in fact, omega-3 
supplements derived from seaweed and algae for vegetarians. 

Many plants, nuts, and seeds contain a different type of omega-3 fatty acid called alpha- 
linolenic acid (ALA), which converts to EPA at approximately 20 percent and DHA at 
approximately half a percent. It would therefore be nearly impossible to eat enough ALA-rich 


plants, nuts, and seeds to obtain the recommended amounts of EPA and DHA. 


Figure 22.3 Omega-3 Fatty Acid Sources 


These fatty acids are naturally found in fatty fish, avocado, oils, nuts, and seeds. 


EICOSAPENTAENOIC 
ACID (EPA): 


An omega-3 polyunsaturated fat 
predominantly found in fish oil. 


DOCOSAHEXAENOIC 
ACID (DHA): 


An omega-3 fatty acid 
predominantly found in fish 
living in colder waters. 


ALPHA-LINOLENIC 
ACID (ALA): 


A vitamin-like naturally occurring 
antioxidant compound. 
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VASODILATOR: 


Any substance promoting blood 
flow by encouraging dilation 
(opening) of blood vessels. 


NITRIC OXIDE: 


A vasodilator produced in nearly 
all cells. 


Athletes with adequate intakes of EPA and DHA have been shown to experience delayed 
muscular fatigue, suffer less muscle soreness, and enjoy neural protection from injuries, 
among other potential benefits. Thus, while it is not the role of a strength and conditioning 
specialist to recommend a specific omega-3 supplement, coaches may like to advise their 


clients to consume adequate amounts of omega-3 fatty acids. 


Since omega-3 fatty acids are unsaturated, they are at an increased risk of becoming rancid. 
Whether in the form of food or supplement, these fatty acids should be protected from heat 


and light sources to maintain their quality and remain safe for consumption. 


SUPPLEMENTS TO INCREASE ABSOLUTE STRENGTH 
CREATINE 


Creatine is not new by any means, but it is still making headlines. Perhaps one of the most 
controversial and misunderstood supplements, creatine is backed by significant research 


suggesting it is a top contender for the title of most important supplement for athletes. 


Creatine supplementation increases the amount of phosphocreatine within the body. When 
more phosphocreatine is available, the ATP-production process is better equipped to handle 
resistance. Thus, when combined with a resistance-exercise regimen, creatine has been 


shown to increase strength by up to 14 percent compared to resistance exercise alone. 


Athletes supplement with creatine not only for strength but also in the hopes of increasing 


speed, boosting endurance, reducing recovery time, and increasing fat loss. 


Many types of creatine are current available, including creatine monohydrate, creatine hydrochloride, 
creatine magnesium chelate, and buffered creatine. Despite the increasing wealth of options, 


creatine monohydrate remains the most affordable, and it has been shown to be effective. 


CITRULLINE 


Citrulline (a nonessential amino acid) is touted as a vasodilator, in that it converts to nitric 
oxide, which helps improve blood flow to the muscles. A lesser-known benefit attributed 
to citrulline is its ability to delay lactic acid production, allowing for more repetitions to be 
performed. This means athletes training for muscular endurance might potentially be able to 


rack up a greater number of total repetitions. 


Citrulline appears to help maintain anaerobic strength over a period of sets—for example, 
the ability to consistently perform a one repetition max (LRM) without a weight reduction for 
an additional two to three sets. Research also suggests another potential benefit to citrulline 


supplementation might be its ability to reduce muscle soreness up to 40 percent. 


Common forms of citrulline include |-citrulline and citrulline malate. 
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BETA-ALANINE 


A recent addition to the supplement market is beta-alanine. Known for the tingle it leaves 
on the skin, beta-alanine has become a popular ingredient in pre-workout supplements. 
While the tingle may tell people it’s time to train, beta-alanine is a promising supplement for 


increasing strength. 


At a dosage of 6.4 grams daily, this amino acid has been shown to increase anaerobic strength 
and power output. This dose is not a starting point—it takes athletes time to adapt to the tingling 


effect beta-alanine produces—but results may potentially be seen at lower dosages. 


SUPPLEMENTS TO INCREASE SPEED AND REACTION RESPONSE 
CAFFEINE 


Perhaps the most commonly consumed supplement to support daily living, caffeine has the 
potential to increase speed, improve reaction time, and boost total strength. However, the 
positive effects caffeine can have on performance may be mitigated by the overconsumption 
of caffeine for other purposes (such as waking up and working). To see the full potential 
of caffeine as a strength and conditioning supplement, an athlete should reserve its use 
exclusively for training purposes—that is, the athlete should not drink coffee or tea or 


caffeinated soft drinks. 


Figure 22.4 Caffeine Sources 


Naturally, caffeine is found in coffee beans (such as these raw coffee berries), ta leaves, and kola nuts. 
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While there are potential benefits to caffeine, there are also risks. One particularly notable 
risk is that caffeine, particularly when consumed later in the day, can affect sleep, which can 
affect recovery time. Athletes using caffeine as a supplement should ensure they’re using it 


only to support workouts performed at six to eight hours before bedtime. 


Caffeine may also cause headaches, insomnia, stomach irritability, and hypertension, among 


STIMULANTS: other side effects. Caffeine, like all stimulants, should be used with caution and under the 


Substances with the potential i . 
care of a medical professional. 


to increase physiological and 
nervous system activity. 


CHOLINE 


Most commonly found in egg yolks, choline has a host of potential benefits, including improving 
memory, boosting metabolism, and supporting heart health. Choline supplementation also 
has benefits of particular interest to the strength and conditioning specialist: increased 


strength, reaction time, and concentration. 


As supplements, the various types of choline are known as _ nootropics, or cognitive 
enhancers. There are different types of choline nootropics, which include CDP choline 


(cytidine 5’-diphosphocholine) and alpha-GPC (L-Alpha glycerylphosphorylcholine). 


Choline has become a popular choice for many pre-workout supplements, including those with 
proprietary blends. It is important to remember that just because an ingredient is included 
in a proprietary blend does not mean it is optimally dosed for maximum potential benefit. 
Coaches should make sure their clients using choline understand what exactly their chosen 


product contains and what quantity is necessary to meet their expectations. 


L-TYROSINE 


The amino acid I-tyrosine is involved in the release of powerful neurotransmitters. The 
resulting elevation of adrenaline, dopamine, and noradrenaline, and the stimulation of the 
thyroid gland, may improve an athlete’s cognition and focus. High levels of concentration are 
correlated with increased levels of stress, and I-tyrosine supplementation has the potential 


to reduce levels of stress when demands are high. 


Since |-tyrosine is a more affordable supplement, it is often combined with other ingredients 
that offer similar benefits, such as phosphatidylserine. L-tyrosine is commonly found in pre- 
workout and nootropic supplements in its natural form or in a more water-soluble form called 


NALT (n-acetyl |-tyrosine) 


Coaches with clients choosing to use I-tyrosine should encourage those clients to be aware 
of their dosage. While |-tyrosine has few reported side effects, there’s evidence to suggest 


that high levels may affect mood and emotional well-being. 
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SUPPLEMENTS TO INCREASE ENDURANCE 
BRANCHED-CHAIN AMINO ACIDS 


More commonly known as a supplement to support recovery and stimulate muscle growth, 
branched-chain amino acids (BCAAs) may serve a more important role for athletes—that is, 
increasing endurance. While the endurance-supplementation industry quickly caught on to the 


need for carbohydrates, it took decades for amino acids to be included in product formulas. 


Figure 22.5 The Structure of Amino Acids 


All amino acids hi 
group, a carboxyl 
chain (R) that will 
the amino acid ty, 


BCAAs are free-form amino acids, which include leucine, isoleucine, and valine. Supplements 
include differing ratios of these three, but the most common ratio is 2:1:1 (two parts leucine, 
one part isoleucine, and one part valine). Because these amino acids are individually isolated, 
they are quickly received and used by the body upon ingestion, making them suitable pre-, 


intra-, and post-workout ingredients. 


BCAA supplementation has been shown to enhance exercise performance by reducing 
muscle fatigue. When carbohydrate stores in the body are insufficient to meet the demands 
of an athlete's activities, especially muscular fatigue in either type 1 or type 2 fibers, BCAA 


supplementation can help. 


L-CARNITINE 


Carnitine is a nutrient available in many foods. It is also synthesized in the body from two DIPEPTIDE: 

amino acids, lysine and methionine, a dipeptide of the two. Carnitine plays many roles within [idee Mec don 
amino acid molecules. 

the body, most notably energy production. L-carnitine supplementation has been used for this 


purpose, but it is also used as a thermogenic fat-loss ingredient. While carnitine has been 


THERMOGENIC: 


shown to increase energy production by increasing ATP and glycogen concentrations, there is Related to, using, or producing 
heat; metabolism boosting. 


less evidence for the efficacy of carnitine supplementation as a way to lose fat. 
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Carnitine is available in several forms, including |-carnitine, acetyl-l-carnitine (for cognitive 
function), carnitine tartrate (for energy), propionyl-l-carnitine (for blood flow), and carnitine 
fumarate (for fat loss). Each form has different recommended dosages, and a coach should 


ensure any client choosing to use carnitine is aware of these variations. 


CORDYCEPS 


While fungi aren’t typically associated with increasing muscular and cardiovascular 
endurance, there is increasing research into their effects and benefits. Ophiocordyceps 
sinensis, a fungus more commonly known as cordyceps, has become a popular supplement 
for endurance activities. With regular use (and at an optimal dose), cordyceps may help fight 


fatigue and encourage sustained energy. 


SUPPLEMENTS TO ACCELERATE RECOVERY TIME 
MAGNESIUM 


Magnesium plays an important role in energy metabolism, cardiorespiratory function, and 
muscle actions, but unfortunately, many people are deficient in this crucial mineral. While 
the best approach to eliminating deficiencies is through proper food choices, magnesium 


supplements may offer an added benefit beyond filling a dietary gap. 


When levels remain high after vigorous exercise or activity, magnesium can aid in muscle 
repair and recovery. An additional role magnesium supplementation plays in recovery is its 


positive effect upon sleep, especially for those who struggle to fall asleep. 


There are a variety of forms of magnesium on the market, including magnesium chloride 
(the most common), magnesium citrate (easier to digest), magnesium glycinate (for stress 
management), magnesium I-threonate (for brain function), magnesium orotate (for heart 


health), magnesium oxide (for digestion), and magnesium sulfate (for muscle recovery). 


Those supplementing with magnesium should approach its use with caution. Too much too 
quickly can result in diarrhea and other adverse side effects. If a client is experiencing these 
issues even at moderate to low doses, then they might find using magnesium citrate or a 


topical solution may be a better strategy. 


TART CHERRY JUICE EXTRACT 


Inflammation caused by exercise isn’t always a bad thing. In fact, trying to eliminate the 


natural post-exercise inflammatory response can interfere with the adaptation process, which 
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would in turn lead to less strength and muscle growth. However, unnecessary inflammation 
caused by minor injuries or persistent soreness can hinder an athlete’s growth. For these 


reasons, supplementing to reduce inflammation might be helpful. 


Unfortunately, many of the popular anti-inflammatory supplements have little proven merit or 
have been shown to treat only specific illnesses and not the inflammation caused by pushing 
too hard in the gym. There is an exception, however—tart cherry juice does appear helpful for 
this specific purpose. The specialized flavonoids and anthocyaninsin tart cherry juice mean 


it can reduce an unwanted inflammatory response through its antioxidant properties. 


GINGER 


Ginger has many apparent uses as a Supplement, including improving digestion, memory, lipid 
profiles, hormones, and more. Ginger has also been shown to help lower inflammation and 
reduce muscle soreness. This dual effect makes ginger an option if an athlete is suffering 


from unwanted inflammation. 


Figure 22.6 Ginger 


Ginger is a root and is commonly used in cooking as well as in supplements. 


Ginger is available as a stand-alone supplement or as one of the active ingredients in a 
blended supplement. A coach should encourage clients using a product with a blend of 
ingredients to be certain the ingredients in addition to ginger are able to aid in the reduction 


of inflammation. If they do not, a better option might be a single-ingredient ginger supplement. 


FLAVONOIDS: 


A class of plant and fungus 
metabolites. 


ANTHOCYANINS: 


A type of flavonoid and a class 
of antioxidant compounds. 
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METABOLISM 
BOOSTERS: 


Supplements used to increase 
metabolic rate. 


INSULIN PRECURSORS: 


Supplements that act like 
insulin to shuttle glucose to the 
muscle. 


DIURETICS: 


A drug or supplement that 
causes excretion of water 
through urine. 


SUPPLEMENTS FOR WEIGHT LOSS/FAT LOSS 


Taking a supplement for the sole purpose of accelerating fat loss is generally not a good idea 
for the strength and conditioning client. Supplements that boost metabolism and stimulate 
the fight-or-flight response can make for a dangerous combination when paired with intense 


training or athletic pursuits. 


Athletes taking such metabolism-enhancing supplements, especially while performing in 
difficult conditions, are prone to dehydration and fainting. There is even an increased risk of 
death. When an athlete needs to lose weight before or during their season, modulated caloric 


intake and exercise programming make for better strategies. 


Supplements designed to boost weight and fat loss fall into three main categories: 
metabolism boosters, thermogenics, and insulin precursors. There are two additional 


(though less popular) categories: diuretics and fat blockers or carb blockers. 


An athlete choosing to use a weight- or fat-loss ingredient should do so under the supervision 
of a medical professional who will evaluate the athlete’s current health and monitor changes 
along the way. This medical support is a necessary requirement for safe reductions in weight 


or fat through supplementation. 


BANNED SUBSTANCES 


The use of illegal or banned substances is an unfortunate reality of sports where ever-greater 
levels of strength and conditioning seem to be required. While WADA does its best to test 
athletes for banned substances, things like anabolic steroids are still prevalent in athletics 


from young people to professional athletes. 


While they may understand the risks of getting caught, the majority of those who use banned 
substances do not understand the substantial risks to their health. Some substances are 
not allowed due to the significant advantage they provide to users, but others are banned 
because they have been deemed unsafe—or at the very least, they have not been proven to 


be safe. 


The list of banned substances includes anabolic agents (including anabolic androgenic 
steroids), peptide hormones, growth factors, beta-2-agonists, hormone and metabolic 


modulators, diuretics, and masking agents. 
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While the overall objective of a coach may be to increase the performance of their 
client, a strength and conditioning specialist is first and foremost a fitness professional. 
Recommending such substances is not only outside the scope of practice, but it breaches 


the ethics a fitness professional should hold dear. 


The list of supplements on the market goes well beyond those listed here, but this text has at 
least touched on the most popular ones, some of which were discovered centuries ago, and 


some of which have surfaced only in more recent times. 


Despite a wealth of available information, supplements remain a confusing and evolving topic 
for the majority of consumers and fitness professionals. Having a general understanding of 
supplementation will equip the strength and conditioning specialist for any conversations 


they may have with their clients—while always remembering that recommending specific 


supplements is a practice best left to nutritionists and medical professionals. 
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PERFORMANCE 
PSYCHOLOGY 


LEARNING OBJECTIVES 


1 | Define performance psychology principles for the 
strength and conditioning coach 


2 | Define psychological skills in strength and 
conditioning coaching 


3 | Identify performance psychology technique used 
by strength and conditioning coaches 


4 | Implement psychological skills training into 
coaching methods 
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PERFORMANCE 
PSYCHOLOGY: 


The study and application 
of psychological factors 
facilitating growth and 
enhancing performance. 


SPORTS PSYCHOLOGY: 


The study and application of 
psychological characteristics 
facilitating optimal sport 
performance. 


Athletes are often going through the motions, not bringing their full attention, effort, and 
energy to a training session. Other times a strength and conditioning coach will encounter an 
athlete who lacks confidence, thus impeding their ability to develop appropriate technique. 


These are common issues faced in the field. 


Commands such as, “Get motivated!” or “Focus!” or “Believe in yourself!” can be ineffective 
if the athlete does not know how to achieve those states. For example, the athlete may be 
aware they lack focus for optimal performance but not know how to block out distractions like 


academics, relationships, or other stressors to better focus on the task at hand. 


Coaches have a strong influence on the psychological development of their athletes. 
For example, coaches of successful Olympians know how to teach key mental skills and 
techniques to their athletes. Coaches looking to increase their professional abilities can 
apply the principles of performance psychology to their own coaching behavior for increased 
effectiveness. Further, they can coach their athletes in strategies to overcome psychological 
barriers impeding development and performance. Any strength and conditioning coach should 
have a basic knowledge of key psychological skills and ready-to-use psychological strategies 


that can be integrated into the physical training environment. 


PERFORMANCE AND SPORT PSYCHOLOGY OVERVIEW 


Performance psychology is the study and application of psychological factors facilitating 
growth and enhancing performance. This subfield of psychology is distinct from pathology, 
which primarily focuses on problematic behavior or mental health issues. Performance 
psychology has broad applications, including sports, exercise, business, military, arts, 
academics, and more. Perhaps the most common application of performance psychology is 


within sports, thus establishing its own subdiscipline. 


Sport psychology is the study and application of psychological characteristics facilitating 
optimal sport performance. The terms performance psychology and sport psychology are 


often used interchangeably, as they share common objectives. 


Psychological skills training (PST) is a proactive and systematic approach to the practice 
of specific psychological skills, using techniques and strategies to enhance performance, 
satisfaction, or well-being. Various strategies are used to promote the practice and 
development of psychological skills. The terms psychological skill and psychological strategy 


are commonly used interchangeably; however, it is best to differentiate the two. 
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A psychological skill is the ability or learned capacity to regulate a psychological quality, such 
as confidence, motivation, or focus. Like physical skills, psychological skills can be assessed 


with valid measurements and improved with systematic training. 


A psychological strategy, on the other hand, is the method used to enhance the skill, such 


as goal setting, self-talk, or imagery. A strategy may also be referred to as a technique or tool. 


Research has demonstrated the use of psychological strategies differentiates more 
successful performers from less successful performers. According to comprehensive reviews 
of PST interventions, these interventions have been found to be highly effective in improving 
performance. Professional sport teams, Olympic athletes, tier-one college programs, and elite 
military forces use performance psychology to maximize their abilities and gain an edge over 


their opponents. 


MENTAL TOUGHNESS 


The umbrella term covering a specific set of traits, all of which positively affect performance is 
termed Mental toughness. Mental toughness is “a personal capacity to produce consistently 
high levels of subjective or objective performance despite everyday challenges and stressors 
as well as significant adversities.” The 4Cs mental-toughness model of interrelated yet 


independent subcomponents is also useful. 


Table 23.1 The 4Cs 


SUB-COMPONENT DEFINITION 


Control Feeling and acting with a sense of ownership over emotions and life situations 


Commitment Persistence in pursuing meaningful goals despite adversities 


Challenge Tendency to perceive threats as opportunities to be conquered 


Confidence Belief in one’s ability to perform no matter the circumstances 


The most common approach to bolster mental toughness is the use of cognitive-behavioral 
strategies. Cognitive strategies involve techniques associated with controlling one’s thoughts 


such as self-talk or reframing. 


The goal is to assist the athlete in finding an ideal performance state characterized by optimal 
levels of motivation, focus, confidence, energy, and a sense of control to perform consistently 


at a high level. PST has been found to significantly increase levels of mental toughness. 


PSYCHOLOGY SKILL: 


The ability or learned capacity 
to regulate a psychological 
quality, such as confidence, 
motivation, or focus. 


PSYCHOLOGY STRATEGY: 


A method used to enhance 
psychological skills, such 
as goal setting, self-talk, or 
imagery. 


MENTAL TOUGHNESS: 


The ability to perform 


consistently and well despite 
everyday challenges and 
stressors or other adversities 
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BENEFITS OF INCORPORATING PERFORMANCE PSYCHOLOGY 

Incorporating performance psychology principles has benefits for both the athlete and the 
strength and conditioning coach. Positive outcomes from the use of psychological strategies 
may include increased motivation, focus, and confidence and a decreased sense of burnout, 
thus enabling the athlete to maximize each training opportunity. In addition, these strategies 
can boost skill acquisition—for example, learning complex lifts, regulating physiological 


activation, or recovering between sets. 


With these tools, coaches can enhance an athlete’s ability to self-regulate key 
psychophysiological states. This, in turn, can optimize the athlete’s time, produce more 


effective training sessions, and lead to more successful performance outcomes. 


MYTHS OF PERFORMANCE PSYCHOLOGY TRAINING 
Table 23.2 Myths vs. Facts 


MYTH 


FACT 


#1: Mental toughness— 
you either have it or you 
don’t. 


While genetics plays a role in an individual’s level of mental toughness, research 
has shown how mental toughness can be attributed to environmental influences 
like systematic psychological training. Attributes of mental toughness such as 
mindset, emotional control, attention control, and confidence are trainable. 


#2: Psychological training 
is only for mentally weak 
individuals or problem 
athletes. 


The primary objective of performance psychology is to facilitate growth and 
enhance performance. Therefore, it can be beneficial for all athletes as they 
pursue developmental and performance goals. It is equally geared toward the 
proactive tasks of preparing and planning. 


#3: Psychological skills 
are quickly learned and 
provide a quick fix. 


Gains in psychological characteristics require systematic education and 
application, much like gains in physical characteristics. A haphazard approach to 
developing mental toughness leads to haphazard results. 


#4: Psychological 
strategies are only useful 
for competition. 


Although psychological skills and strategies are useful for competition, they 

are learned and refined during training. The physical training environment is a 
prime opportunity for the use of psychological strategies and the acquisition of 
psychological skills. Frequent use of psychological strategies in practice leads to 
greater success in practice as well as in competition. 


#5: Only certified 

or formally trained 
professionals can use 
performance psychology 
strategies. 


Several psychological strategies are embedded within most strength and 
conditioning practices. Formal training or certification in performance psychology 
is not a prerequisite to using its strategies. In fact, given the unique relationship 
coaches have with athletes, performance psychology consultants have suggested 
coaches be the ones to deliver interventions to the athletes. 
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PSYCHOLOGICAL SKILLS TRAINING (PST) 


There is a strong rationale for coaches to adopt PST strategies. A strength and conditioning 
coach is in a unique position, one optimal for teaching the athlete psychological skills. Effective 
PST interventions involve consistent contact, a trusting relationship, and integrated mental 
and physical training. These provide realistic opportunities to practice mental strategies and 


transfer skills to competitive settings. 


Athletes who possess strong psychological skills are more likely to accomplish their goals. 
There are five psychological skills most relevant to a strength and conditioning context: 


mindset, motivation, confidence, energy management, and attention. 


GROWTH MINDSET 

One main source of coaching frustration is when an athlete underperforms or does not realize 
their full potential. In response, a coach might try increasing physical training. However, from 
the performance psychology viewpoint, underperformance starts with the athlete’s mindset, 
their attitude toward capabilities. This mindset guides the behaviors and approaches to 
training and performance, affecting their view of challenges, response to obstacles, the effort 
they put in, feedback response, and reactions to the success of others. 


Athletes who tend to perform below their potential might be operating from a fixed mindset. FIXED MINDSET: 


The belief that the way things 
A fixed mindset refers to the belief that one’s qualities are fixed traits and cannot be changed, are now is how they will 


always be and that effort 


no matter the amount of time or effort. cannot change them. 


A growth mindset, on the other hand, is the belief that change and growth are possible through 


GROWTH MINDSET: 


effort, openness, and quality experience. Clients with this mindset embrace challenges, try 
The belief that change and 


new strategies, persist in the face of setbacks, learn from criticis, and are inspired by the growth are possible through 


effort, openness, and quality 
success of others. Further, they are realistic about their weakness while remaining optimistic experiences. 


about their potential for improvement. These productive attitudes and behaviors result in 
skill development, higher levels of achievement, and an increased likelihood of reaching their 


potential and experiencing success. 


The coach’s mindset can likewise influence interactions with the athlete. For example, ifa coach 
has a fixed mindset about an athlete’s ability to learn a skill or perform a complex movement, 
this will change the coach’s behavior, potentially stunting the athlete’s development. The 
coach might avoid challenging the athlete, be less patient with mistakes or setbacks, and try 


less hard to help them improve. 
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DID YOU KNOW 


Did you know those with 
fixed mindsets demonstrate 
behaviors limiting to 

their development? 

These behaviors include 


avoiding challenges, not 
giving full effort, resisting 

new strategies, ignoring 
constructive feedback, and 
giving up quickly in the face of 
adversity. 


MOTIVATION: 


The level of desire and effort 


a person puts toward their 
engagement in an activity or 
performance. 


Mindset is a choice and a skill that can be learned with intention and practice. The skill of 
growth mindset is the ability to recognize and regulate beliefs about one’s capabilities. It 
begins by cultivating awareness of the current mindset. A fixed mindset should challenge 
the restrictive beliefs and replace them with growth-minded thoughts. Growth mindset is the 


foundation of mental toughness, and the key to unlocking full potential. 


Table 23.3 Fixed- and Growth-Mindset Thoughts 
GROWTH MINDSET 


FIXED MINDSET 


| am not a fast runner. | am not a fast runner yet. 


| am terrible at power cleans. Power cleans have been challenging for me. 


My body wasn’t made for this. With practice and effort, | can improve. 


My client will never catch on. With proper coaching cues, they'll learn. 


MOTIVATION 

The level of desire and effort a person invests in an activity or performance. Motivation is 
not a stable trait; it can be rated on a continuum. Motivation levels often vary based on the 
task; for example, some athletes may be highly motivated to do cardio, while others are more 
motivated to do strength-based exercises. It is impossible for someone to have no motivation 
if they are even somewhat engaged in a task. Amotivation is a complete lack of motivation, 
which results in a lack of activity. Most athletes will at least temporarily engage in tasks they 
don’t like. On the other hand, even motivated athletes will have dips in motivational levels, 
particularly in the off-season. The skill of motivation is the ability to regulate one’s motivation 


level on a daily, or perhaps even a moment-to-moment, basis. 


External motivation 

This is motivation by environmental factors (like praise or reward). For example, an athlete can 
be motivated by a pep talk, a training atmosphere, rewards or consequences, or performance 
outcomes. External sources of motivation are less stable as they are out of the athlete’s 
direct control. Therefore, if an athlete primarily relies on external sources of motivation, then 


they can expect fluctuations in motivation levels. 
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Internal motivation 

Then there is internal motivation. For example, an athlete can be internally motivated by curiosity, 
values, self-directed goals, thoughts, and emotions. Internal motivation leads to greater focus, 
effort, persistence, and satisfaction as well as decreased anxiety and stress. Furthermore, internal 


sources of motivation lead to more consistent motivation levels and sustained positive behavior. 


Motivation is critical to success. Because of this, coaches are often desperate to know how 
to better motivate their athletes. Helping athletes maintain motivation during the off-season 
or through seemingly monotonous training is an added challenge. Teaching athletes to adopt 
a growth mindset can enhance athlete motivation because the athlete believes improvement 
is possible and worth the effort. By implementing psychological strategies and fostering the 
development of psychological skills, the coach can help athletes strengthen the internal 


motivation necessary for success. 


CONFIDENCE 


Confidence is the belief that success is possible and probable. Confidence can fluctuate along CONFIDENCE: 


a sliding scale and be task dependent. An athlete can feel confident while also experiencing a The belief that success 
is possible and probable. 


small degree of self-doubt. The skill of confidence is the ability to regulate one’s confidence level Confidence is not an all-or- 
PEONES : er a: nothing attribute, but rather it 
(e.g., minimizing doubt and strengthening belief in one’s ability) to meet performance demands. can fluctuate along a sliding 


scale and be task dependent. 


A lack of confidence impedes learning and skill acquisition and can also keep an athlete from 
performing to their full potential. Therefore, it is important to have a clear understanding of what 


confidence is and how to help the athlete strengthen and maintain that skill. 


Another concept closely related to confidence is self-efficacy. Self-efficacy is the expectation 
or belief in one’s ability to perform well at a specific task or in a specific situation. There are 


several factors contributing to an athlete’s level of confidence or self-efficacy. 


Table 23.4 Self-Efficacy Factors 


EXTERNAL FACTORS INTERNAL FACTORS 


Motivational climate Inner dialogue 
Situational favorableness Perceptions 
Coach behaviors Interpretations 


Performance outcomes 


Comparison to others 
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Too often, athletes rely on external factors to feed their confidence. This is dangerous since 
external factors are temporary and uncontrollable, leaving confidence to chance. Internal 
factors, on the other hand, are more reliable because they are stable and within the athlete’s 


control. 


Sources of Confidence 


+ Personal experience 
- Vicarious experience 


- Physiological state 


+ Verbal persuasion 


Understanding what influences confidence levels is helpful in the abstract. However, these 


sources of confidence can also be used proactively to promote confidence. 


Table 23.5 Strategies to Strengthen an Athlete’s Sources of Confidence 


SOURCE 


Personal 
experience 


COMPONENTS 


Past accomplishments 
Overcoming adversity 
Lessons learned during 
setbacks 


DIRECTIONS 


Have the athlete make a list of past 
accomplishments to include success in 
overcoming adversity and challenge. 

Instruct the athlete to make a list of physical, 
psychological, technical, and tactical strengths. 


Vicarious 
experience 


Modeling 

Watching others on video 
Watching self on video 
Imagery 


Deliberately partner an athlete with a relatable 
teammate who can demonstrate success. 
Create a highlight reel for the athlete. 
Encourage imagery use of a successful 
performance or overcoming a challenge. 


Physiological 
state 


Physical conditioning 
Physical abilities 
Activation of sympathetic 
nervous system 
Emotions and mood 


Use effective programming to enhance physical 
and physiological attributes. 

Help the athlete to embrace nerves as helping 
with performance. 

Assist the athlete in using optimal moods for 
performance. 


Verbal 
persuasion 


Frequency and quality 
of coach feedback and 
reinforcement 
Self-talk 


Provide consistent positive reinforcement and 
sincere praise of effort and ability. 

Deliver constructive feedback in a respectful 
manner. 

Coach athletes on how to manage their mindset 
and self-talk. 
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It is important for athletes to have a wide variety of sources (and depth within each source) 
to pull on for increasing confidence. Strength and conditioning coaches can also influence 
confidence of their athletes by incorporating psychological strategies within training such as 


the following: 
+ Placing an emphasis on process goals 
- Providing challenging yet attainable targets 


+ Providing an environment focused on the athlete mastering skills versus 


outperforming others 
+ Providing tough realistic training to simulate competition 


Like motivation, confidence is critical to success. A confident athlete will experience more 
positive emotions, be more focused on the task, and invest effort in accomplishing their goal. 


These behaviors together lead to more favorable performance. 


ENERGY MANAGEMENT 

Energy is the fuel powering training and performance. Therefore, it is essential athletes have 
the skill to manage their mental and physical energy levels. The skill of energy management 
is the ability to increase energy, maintain energy, and recover energy to have the physical 


resources necessary to meet the training or performance demands. 


Factors contributing to an athlete’s energy include nutrition, sleep, cardiovascular fitness, and 


more. However, psychological factors also contribute to an athlete’s energy. 


ATTENTION CONTROL 

Attention is “the process that directs our awareness to information available through our 
senses.” The athlete is constantly processing various stimuli all vying for their attention. The 
brain will naturally gravitate to the most novel or intense stimulus in the environment, which 
is problematic if a stimulus is not relevant to the task. An athlete’s quality and accuracy of 
movement depend but also on the athlete’s focus. Therefore, the skill of attention control is 


the ability to direct, sustain, and shift one’s focus to what is most important in the moment. 


Any sensory information not relevant to the task is a distraction. Acommon misunderstanding 
of attention control is that the goal is to block out distractions. This is an ineffective approach. 


Attempting to block something out in fact brings more attention to it. 


ENERGY MANAGEMENT: 


The ability to increase 
energy, maintain energy, and 


recover energy so an athlete 
has the physical resources 
necessary to meet training or 
performance demands. 


ATTENTION CONTROL: 


The ability to direct, sustain, 


and shift one’s focus to what 
is most important in the 
moment. 
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GOAL SETTING: 


The process of determining 
one’s current state, 


determining the future state 
one wishes to achieve, and 
detailing the steps it will take 
to close the gap. 


A common coaching mistake is overloading an athlete’s attentional capacity—that is, the 
amount of information processed at one time. This often occurs when an athlete is learning a 
new skill. There are several steps to successfully performing a complex lift (such as a power 
clean). While all the information is relevant, instructing the athlete to focus on all steps at 
once will likely lead to attentional overload. A coach should balance the attentional demands 
placed on the athlete. This can be done by selecting the most relevant learning targets and 


using simple, concise cue words and phrases. 


Table 23.6 Supporting the Athlete’s Attention-Control Skill 


Acknowledge potential distractions and irrelevant stimuli. 


Identify the most relevant target for attention. 


Create a refocus strategy, and practice using cues. 


Use a step-by-step approach to teaching a new skill. 


PSYCHOLOGICAL STRATEGIES AND APPLICATIONS 


Psychological skills can be taught and strengthened through the application of specific 


strategies. These include goal setting, self-talk, cues, breathing exercises, imagery, and routines. 


GOAL SETTING 

Goal setting is the process of determining one’s current state, the state one wishes to 
achieve, and the steps it will take to close the gap. Using goal setting will result in a more 
motivated athlete and a concrete means to evaluate progress. Further, it is one of the most 
frequently applied strategies among fitness professionals. There are certain guidelines to 


adhere to best practices in goal setting. 


e Athletes should be a part of the goal-setting process. Goal buy-in provides 
the greatest motivational benefit because it fosters ownership over the training 
program. A coach should clearly communicate the connections between the 


training program goals and athlete’s sport performance goals. 


e Goals should include long-term and short-term goals. Long-term goals provide 


the necessary motivation to pursue the short-term goals. 


e Long-term goals should align with an athlete’s values. Goals are most effective 
when they are personally meaningful. Value-driven goals will foster greater 


passion and the internal desire necessary to put in the work. 


ISSA | Strength & Conditioning | 487 


e The focus should be placed on short-term goals. Short-term goals direct the 
athlete’s attention to the present, enhance focus, and (as they’re achieved) 


increase the athlete’s confidence. 


° Short-term goals should follow the SMART principle. SMART stands for specific, 


measurable, attainable, relevant, and time bound. 


e Short-term goals should include both performance and process goals. 
Performance goals focus on measurable performance outcomes like increasing 
the athlete’s one-rep max. Process goals refer to training practices that help the 


athlete accomplish performance goals, such as improving form. 


e Goals should be flexible and adaptable. Training does not always go according to 


plan. When injuries or other setbacks occur, goals should be modified. 


e Goal commitment strategies are as important as the goals themselves. Some 
examples of commitment strategies include writing down the goals, sharing goals 


with others, posting the goal plan, and recruiting an accountability partner. 


e Self-monitoring helps to bridge the gap between goal intention and goal 
attainment. Physically recording one’s behaviors increases accountability and 


serves as useful feedback. 


When used properly, goal setting can enhance several psychological skills, including fostering a 
growth mindset, enhancing internal motivation, and increasing confidence and focus. Furthermore, 
other psychological strategies can be incorporated into the goal plan. These strategies can be 


implemented as process goals to help bolster psychological and physical development. 


SELF-TALK 


A athlete’s internal dialogue, positive or negative, is Self-talk. Self-talk is generally fueled by 
thoughts, beliefs, and experiences. Deliberately managing the content facilitates learning SELF TALK: 


and performance. Implementing self-talk strategies can foster a growth mindset and increase In context, an athlete’s 


internal dialogue, which can 
levels of confidence, motivation, and attention. Self-talk is an effective strategy for athletes be used for instructional or 


motivational purposes. 


at all experience levels, and it is effective for all stages of motor-skill learning as well as for 


performance enhancement. 


There are two approaches to using this strategy. One is to put a stop to any detrimental self- 
talk, replacing it with more effective content. This is commonly referred to as thought-stopping 


or reframing. 
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CUES: 


A form of self-talk designed 
to trigger a desired response 


such as attentional focus, 
physiological activation, or a 
specific physical behavior. 


A coach or athlete can also design productive self-talk for use before or during an event or 


activity. Self-talk can use first person (“I”) statements or second person (“you”) statements. 


Table 23.7 How to Coach Athletes in Self-Talk Strategies 


ASSIST ATHLETES TO... BY... 


instructing athletes to pay attention to what they say 
to themselves before and during a training session or 
performance. 


become more aware of their self- 
talk... 


instructing athletes to write down the instructional and 
motivational self-talk on their workout cards to serve as a 
reminder. 


predetermine instructional and 
motivational self-talk... 


instructing athletes to make a list of their strengths, 


draw from their personal including physical, psychological, technical, and tactical 

strengths to construct positive skills or a list of past positive experiences such as 

and personal self-talk cues... performance accomplishments or training improvements 
(or both). 


use self-talk proactively and 
consistently to optimize the 
benefits... 


reminding athletes to use their self-talk statements with 
consistency and persistence. 


ATTENTIONAL CUES 
Cues are a form of self-talk designed to trigger a desired response. They can be used to 
direct attention to performance, produce emotions, boost motivation, or regulate energy 


levels. Cues can be beneficial during both skill acquisition and performance. 


Cues are perhaps the easiest psychological strategy to use in training. Coaches instinctively 
provide performance-related cues to direct the athlete’s attention to critical movements without 
causing information overload. Coaches and athletes can use internal or external cues. Internal 
cues direct the athlete to focus on physical sensations or body movements. External cues 
direct the athlete to focus on the movement effect or outcome. Internal cues have benefits such 
as promoting kinesthetic awareness but risk interfering with the automaticity of movement. 


External cues tend to be most effective for motor learning and performance. 


BREATHING CONTROL 
Deliberately controlling one’s breathing can enhance training and performance. Athletes 
commonly use breath manipulation in the weight room to “amp up,” to release pressure 


during a lift, or to recover after exertion. 
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Consciously regulating breathing patterns is one of the most effective and efficient ways to 
regulate bodily processes like heart rate, blood pressure, and muscle tension. Breath control 


offers two basic performance-enhancing functions: energizing or recovering. 


Energize or amp up: Rapid breathing is a strategy used to increase energy or amp up for 
performance. It is effective as a pre-lift technique as well as when an athlete notices their 
energy levels are too low. For example, if an athlete arrives at a training session feeling 
lethargic, then a few rounds of rapid breathing can help to increase their energy. Rapid 
breathing is a relatively simple technique. First, exhale through the mouth in a short, quick 
burst by compressing the upper chest. Then let the inhale happen naturally. Repeat 15-30 
times. If the athlete feels lightheaded or dizzy, stop immediately. This breathing technique 
should result in a higher heart rate, increased muscle tension, boost of energy, and narrowed 


attention. 


Recover or “amp down”: Diaphragmatic breathing, often referred to as belly breathing, 
involves rhythmic, deep, slow breathing. The diaphragm is the thin muscle separating the 
lungs from the abdominal cavity. Depending on the task, diaphragmatic breathing can be PUA Ree 
used before or after performance. For example, prior to an event, an athlete might experience BREATHING: 


i i ; , : Rhythmic, deep, slow 
racing heart rate or overly tense muscles, which could impede their performance. In this case, breathing geared toward 


balancing the ... 


the athlete could use diaphragmatic breathing to decrease muscle tension, reduce heart rate, 


and increase focus. Additionally, an athlete can use diaphragmatic breathing to conserve 


energy between sets or recover from a full training session. 


Table 23.8 Instructions for Diaphragmatic Breathing 
1. Stand or sit in a position that allows oxygen to flow freely throughout the body. For 


example, stand up or sit up tall with limbs uncrossed. 
2. Exhale by constricting the abdomen and trunk area, pulling the belly button to the spine. 


3. Take a slow, deep inhale by expanding the abdomen, sides, and lower back. Air should 
first fill the lower lungs, then the middle portion of the lungs by expanding the rib cage, 


and lastly the upper lungs or chest area. Allow the inhale to last 4-6 seconds. 


4. Exhale air in the opposite direction. Constrict the upper lungs, middle lungs, and lastly 
the abdomen and trunk area by pulling the belly button to the spine. Allow the exhale to 


be slow and controlled, lasting about 4-6 seconds. 


5. Repeat for 3-10 minutes. 
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It’s helpful to have the athlete place one hand on their chest and one hand on their abdomen 
to determine if they are breathing from their diaphragm. For some athletes, this type of 
breathing will feel unnatural and forced, particularly if they predominately breathe from the 
chest area. This is normal. A coach should encourage patience and further practice of the 


skill. Diaphragmatic breathing will become more comfortable with practice and persistence. 


To ensure athletes are practicing diaphragmatic breathing, coaches can add the exercise to 
the athlete’s workout card alongside other targeted training exercises. For example, following 
each set of power cleans, an athlete can take three to five diaphragmatic breaths. Another 
way a coach can integrate breathing exercises into a training session is to routinely end each 


session with three to five minutes of diaphragmatic breathing. 


IMAGERY 


The creating or re-creating an experience in the mind is Imagery. It is an effective strategy to 


IMAGERY: 


Creating or re-creating an 


experience in the mind 


À anaes enhance learning and performance for experienced and inexperienced athletes alike. Humans 
through visualization. 


tend to mentally play out events, so it is likely an athlete will use imagery, whether prompted or 
not. Educating the athlete about imagery can help them be more cognizant of the mental movies 
they allow to play out in their mind. Also, it can allow the coach to tap into this naturally occurring 
psychological process to help athletes to use imagery proactively and to their advantage. Imagery 
is a strong predictor of mental toughness, and several studies have indicated successful athletes 


use imagery more frequently than unsuccessful athletes. 


Imagery is most effective when it uses multiple senses (sight, smell, sound, taste, touch, 
and the kinesthetic sense) because it creates a more vivid experience. Vividness is one of 
the two primary attributes of imagery that determine its effectiveness. Vivid imagery that 
incorporates multiple senses more accurately mimics real-life experience and, consequently, 
produces a similar neuromuscular and physiological response. In other words, the brain and 
body have a hard time differentiating between what is real and what is imagined when the 


imagining is particularly vivid. 


The second primary attribute of effective imagery is controllability. This describes the 
athlete’s ability to control the content of the imagery, such as seeing themselves successfully 
execute a movement. It is not uncommon for an athlete to imagine themselves unsuccessful. 


To assist athletes in improving the skill of controllability, a coach should have them practice 


manipulating simple images first. For example, instruct the athlete to imagine a piece of fruit 


changing colors. Exercises like this can improve the athlete’s ability to control imagery, which 
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is critical to the successful use of imagery as a performance-enhancing strategy. 


Imagery can be used as a form of mental practice between physical practice sessions, as mental 
preparation just prior to performance, or following an event to analyze the performance and make 
mental corrections. Furthermore, athletes can use imagery to supplement physical training or 
when physical training is unavailable. To get an edge over competitors or to speed up performance 
gains, athletes often increase the volume of physical training, but there are risks to this approach, 


such as overtraining, burnout, and injury. Imagery is a useful and safe substitute. 


Using imagery as a strategy has multiple benefits. It can enhance confidence when athletes 
recall past accomplishments or imagine new ones. Imagery can enhance attention control 
because it directs an athlete’s focus to task-relevant cues and behaviors. It can aid in energy 
management by eliciting the desired emotional and physiological responses for optimal 


performance. Lastly, imagery also serves to increase internal motivation. 


PRACTICAL CONSIDERATIONS AND SUGGESTIONS 


Applying psychological strategies for skills training should account for things like individual 


differences, integration plans, and ethical considerations. 


INDIVIDUAL DIFFERENCES 
A similar approach to developing physical toughness should be taken when aiming to develop 
mental toughness. Each athlete has a unique psychological profile, which means they will 


have psychological strengths and weaknesses. 


INTEGRATION 

A common barrier to PST is a perceived lack of time. However, these strategies do not require 
additional time but can be integrated into a physical training session. Some psychological 
strategies are naturally more conducive to seamless integration than others, such as cues 


versus goal setting. 


To engage athletes indirectly, a coach can write a prompt on the whiteboard for athletes to 
answer as they arrive at the training session. Prompts might be, “What motivates you?” or 


“What builds your confidence?” or “What is your goal today?” 


DID YOU KNOW 


Did you know using 
imagery during training, 


while not a replacement 
for physical training, has 
been found to be more 
beneficial than physical 
practice alone? 
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Table 23.10 Psychological Skills and Strategies to Develop Them 


PSYCHOLOGICAL 
SKILL 


PSYCHOLOGICAL STRATEGIES 


Self-talk 
Growth mindset Deliberate reflection 
Goal setting 


Self-talk 

Imagery 

Goal setting 
Deliberate reflection 


Motivation 


Sources of confidence Identification 
Self-talk 

Confidence Goal setting 

Deliberate reflection 

Imagery 


Cues 
Energy management Imagery 
Breathing techniques 


Cues 
Attention control Imagery 
Goal setting 


ETHICAL CONSIDERATIONS 


Every profession is bound by ethical principles. Strength and conditioning coaches have 
expressed confusion about whether the implementation of PST falls within the scope of their 
professional practice. The general ethical guideline for teaching psychological skills is that 


the professional should operate within the boundaries of their competence. 


Research suggests six keys to developing and maintaining an ethical practice in 
performance psychology: 
+ Regularly take inventory of what you know and what you don’t know. 
+ Seek appropriate training to close the gaps. 
- Document competence-building activities to serve as risk-management procedures. 
+ Establish a network of support, mentorship, and accountability. 
+ Build a network of referral resources. 


+ Proactively engage in learning and professional development related to 


performance psychology. 
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While encouraged to adopt principles of performance psychology, strength and conditioning 


coaches are not expected to replace or even fully fulfill the role of performance psychology 
consultant. Certain techniques, however, like the psychological strategies are “within the 
remit of strength and conditioning coaches.” Therefore, as long as strength and conditioning 
coaches attain a level of comfort and competence with these techniques, they can proceed 
with confidence. If or when a coach is presented with a situation exceeding their competency, 


then that coach should consult the appropriate professional. 
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LEARNING OBJECTIVES 


1 


ay 


Understand the roles of a strength and conditioning coach. 


Explore the scope of practice for a coach. 


Outline the steps to prepare for a job interview. 


Explain why successful coaches have a strong network. 
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ROLES OF A STRENGTH AND CONDITIONING COACH 


The primary role of a strength and conditioning coach is to develop an athlete’s performance 
safely and effectively. Each athlete has a unique set of physical and psychological deficits 
to overcome to improve their individual performance. When working as a coach for a team 
with numerous players, a coach must consider the magnitude of creating strength and 
conditioning programs for multiple athletes. For example, a college football team can have 
up to 125 active players on their roster, and the team’s strength and conditioning coach is 


responsible for every player. 


To avoid becoming overwhelmed, a strength and conditioning coach who is new to a team 


should adhere to the following guidelines: 


+ A new coach should consult with the team’s existing coaches. A new training 
coach has a limited understanding of the current players’ strengths and 
weaknesses. A new strength and conditioning coach should therefore consult 


with the people who best know what the team needs—the coaches. 


- Anew coach should communicate with players. A new strength and conditioning 
coach should meet with the team and clearly ascertain their goals. If the players 
need more endurance, for example, the coach can determine how this fitness 


quality should be assessed and programmed for improvement. 


- Anew coach should test players. A new strength and conditioning coach can test 


the players using those assessments most applicable to their sport. 


- A coach should create strength and conditioning programs based on the needs 
of the players. After determining what each player needs, a new coach can 
create a training program to address weaknesses. This task can pose multiple 
challenges since not every player will need or benefit from the same program. 
Some coaches will direct all the players to perform a similar program, while other 
coaches will create an individualized plan for each player. Individual injuries and 


varying abilities must be accounted for as well. 


-+ A coach should hold players accountable and make necessary programming 
adjustments. The duty of the strength and conditioning coach is to ensure each 
player follows the intended program and to keep a training log to make any 
necessary adjustments based on their feedback. Journaling is a useful tool in 


high-level athletics. 
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- A coach should keep the training facility organized and well maintained. Every 
coach and organization appreciates a strength and conditioning coach who 
keeps the training facility organized and well maintained. Every piece of training 
equipment, from medicine balls to bumper plates, should have a designated area 


when not in use and should be checked often to ensure correct operation. 


+ A coach should keep meticulous records of the strength and conditioning 
programs and each athlete’s adherence. Numerous software programs and apps 
for storing and organizing a team’s training plans and schedules are available. A 


new coach should find one that best suits their needs. 


- A coach should be a team player. To be valuable to a team or organization, a 


coach must constantly improve both in preparation and implementation. 


SCOPE OF PRACTICE 


Every profession has expected duties as well as apparently associated duties that are 
outside the scope of practice. It is important for a strength and conditioning coach to know 
their scope of practice because they will likely encounter scenarios that seem to require 


services beyond what they are permitted to do. 


For example, an athlete with a stiff lower back might ask a coach to manually stretch their 
hamstrings after a game. Or another athlete could ask a coach for help with taping their 
recently sprained ankle before a game. Generally, a strength and conditioning coach is not 
permitted to provide any hands-on interventions such as stretching a joint into a greater 
range of motion or taping an ankle. Those actions are beyond a coach’s scope of practice 
and should be performed by the team’s or school’s physical therapist or athletic trainer. Any 
intervention requiring a health care practitioner is best assumed to be beyond the scope of 


practice for a strength and conditioning coach. 


The scope of practice for a strength and conditioning coach generally encompasses the 


following duties: 
+ Programming strength and conditioning training sessions 


+ Preparing the training facility (equipment and machines) for workouts and returning 


equipment to its intended place after each session 
+ Providing spotting during resistance training exercises 
+ Providing verbal cues and feedback to correct an athlete’s technique 


+ Keeping the training facility organized and equipment maintained 
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There will likely be additional duties based on the team or organization. The key with any 
job is to show willingness to help in any reasonable way. For example, picking up towels 
and cups on the sideline after a football game is not within a coach’s scope of duties, but 
offering help beyond what is required shows a coach to be an active part of the overall team. 
However, performed or requested duties beyond what is required should not impact a coach’s 


performance. Their primary duties come first and must take priority. 


PREPARING FOR A JOB INTERVIEW 


In many cases, a strength and conditioning coach may have studied intensely, volunteered 
their time to a local team, and demonstrated they are a reliable person and effective trainer. 
It is important that a coach be prepared for a job interview and use this preparatory work 
effectively. The following four guidelines can be used in preparation for communicating with 


a potential employer. 


STEP ONE: SHOWING AN UNDERSTANDING OF WHAT THE TEAM NEEDS 


Of all the steps taken to prepare for an interview, showing an understanding of what a team 
needs is arguably the most challenging. This is an opportunity for a strength and conditioning 
coach to show they are well prepared and serious about the job. To better understand why a 


team is interviewing, a coach can consider the following questions: 


+ Does the team currently have a strength and conditioning coach, or is the team 


functioning without one? 


+ If the team previously had a strength and conditioning coach, why does the team 


need to replace that coach? 


+ Is the team notorious for something in particular, such as lacking strength, 


endurance, or speed? 
+ Did the players suffer an excessive amount of training injuries in the past? 


+ Did the players have poor adherence to the off-season strength and conditioning program? 


If possible, a coach should reach out to reputable individuals who can provide insight into the 


team or organization and its leadership. 
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STEP TWO: HIGHLIGHTING WHAT CAN BE DONE FOR THE TEAM 


Once a coach has determined to the best of their ability what the team needs, the coach 


should highlight how they can help the team. 


Every potential employer seeks evidence of a coach's ability to be respectful, reliable, and 
capable. Coaches can provide letters of recommendation from reputable sources attesting to 
their positive qualities and then use any information gathered from step one to demonstrate 
their preparation for the interview. For example, if a soccer team’s physical therapist shared 
that there was concern among the coaches about the prevalence of hamstring injuries last 
season, a coach can, before the interview, go to a local library to access the scientific journal 
databases and peruse the most current research on resistance training techniques to reduce 


hamstring injuries in soccer players. 


STEP THREE: SELLING STRENGTHS BY HIGHLIGHTING DIFFERENT AND UNIQUE 
QUALITIES 


When a team or organization announces it is hiring a strength and conditioning coach, there 


will likely be plenty of competition for the job. Therefore, it is imperative that an applicant 
highlight their unique qualities. Having 10 or more years of experience is tough to beat, so a 
young or new coach will need to highlight what they personally are bringing to the table, and 
making a list of unique qualities is often helpful. An applicant has only one chance to make 


a first impression, so it must be the best impression possible. 
Examples of unique qualities for a new coach who is interviewing with a football team might 
include the following: 

+ Explaining the strength and conditioning needs of a football player at various positions 


+ Highlighting years of playing football in high school and what they have learned 


about strength and conditioning since then 


+ Explaining volunteer time with the local high school football team that helped 


them better understand the needs of the players 


+ It is important that the coach not seem like an expert in an unfamiliar area but 
to take the time to determine unique abilities and combine those strengths with 


the team’s needs. 
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STEP FOUR: ANTICIPATING AND PREPARING FOR SKEPTICISM 


It is human nature for people to be skeptical when meeting someone for the first time. At this 
point, an applicant should be honest about and aware of any potential shortcomings, which 


may include the following: 
+ Being young and having limited experience in the field of strength and conditioning 
+ Being older and competing with younger candidates 
+ Having a lot of formal education but little practical experience 
+ Having a lot of practical experience but little formal education 


+ Having minimal exposure to the sport 


Once the interviewer learns more about a coach’s background, they may ask some challenging 
questions about self-perceived weaknesses. With a solid and realistic understanding of any 
shortfalls, a coach can present solutions demonstrating a capacity to overcome them. For 
example, an interviewer might want a strength and conditioning coach who has plenty of 
experience coaching sprint training. A coach who lacks this type of experience should be 
prepared to explain how they will improve this job skill—for example, by enrolling in a sprint 


coaching certification course either before starting or in the early stages of the job. 


Honesty is always respected from any potential employer. Acknowledging limited experience 
or a lack of formal education is admirable, as long as a coach demonstrates a strong desire 


to learn while providing the best coaching possible if hired. 


It is important that the coach be transparent with an interviewer when disagreeing with 
something they say. For example, the athletic director for a college basketball team 
interviewing for a strength and conditioning coach mentions how often the team uses ladder 
drills to develop a player’s agility. If a coach disagrees with that method, they could mention a 
different form of agility development, such as the players’ response to the sound of a whistle 
as a stimulus to change directions in an unpredictable manner, and then explain why this 
technique is favored. No team does everything perfectly, and every team is looking for better 
ways to improve the performance of their athletes. Implementing new and effective training 


methods for the organization will increase the value of a potential employee. 


Finally, it is important that the coach wear appropriate attire to a job interview, which should 
be considerably more formal than what they wear to work daily. An applicant can communicate 
how seriously they’re taking the interview process by the care they pay to their appearance 


and presentation. 
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DID YOU KNOW 


Once hired, a coach should ask what is expected on the first day. In the early stages of 
a job, it is always better to ask than assume. Usually a new coach will be given a tour 
of the training facility and introduced to their new peers. It is imperative to make the 
best first impression with each person. Some recommendations for making a good first 
impression include the following: 

- Looking people in the eyes and using their names when possible 

+ Shaking a peer’s hand or mimicking their initial greeting 

- Breaking the ice and giving each person a compliment—for example, “I like 

those shoes you’re wearing,” or “You look like you're in great shape.” 

Many experts recommend that a new hire demonstrate confidence and authority without 
appearing bossy. A new coach should be confident about how they can help support and 


enhance the team without being boastful or disrespectful. Because people appreciate a 


good sense of humor, a coach should relax and avoid being too serious, especially in a 


highly competitive environment. 


BUILD A NETWORK 


The people surrounding a coach will largely determine their future success and opportunities. 


Networking is about sharing resources with other successful people in a particular field so everyone 


can benefit. Some ideas that might help a coach improve their network include the following: 


+ Contacting people admired in the field. A coach can reach out to the people who 
have achieved a similar job or status. A colleague can make an introduction, or 
published contact information can be used. If the person is willing, a coach can 
briefly meet or chat with them at their convenience. If the person refuses, a coach 


can thank them for their consideration and move on to the next person on the list. 


+ Putting the benefit of others first. Most people focus on how they can help their 
own situation before helping someone else. Therefore, approaching a colleague 
from the standpoint of ways to help them would be more beneficial, with the hope 


that in the future they will be more willing to lend a hand if needed. 


- Avoiding being pushy or trying to force a connection. These days everyone is 
busy or feels that way. There might be times when an attempt to connect with 
a person who is having a bad day is met with no response. While there are 
no concrete rules for how long to wait to follow up with someone, a general 
recommendation is one week. If there is no response after a week, a follow-up 
with the person is recommended to demonstrate interest. Patience is important 
at this point. If there is no response the second time, the individual should move 
on to the next person on the list. It is better to be patient and wait for a response 


than to try to force a connection and potentially leave a negative impression. 
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CHAPTER 24 | PROFESSIONAL PRACTICE 


+ Being a likable person. If unable to make connections, the best chance for networking 
success hinges on whether the individual is likable. Here are some ways to be likable: 
* Communicating without criticizing, condemning, or complaining 
+ Being generous with praise 
+ Being genuinely interested in what people say 
* Being quick to acknowledge one’s own mistakes 
* Communicating without attempting to win an argument 
+ Making people feel important 


+ Being a good listener by letting people talk 


A coach should strive to build a strong network by being a likable person who focuses on 
helping others succeed. From this, opportunities will likely arise that will accelerate a coach’s 


reputation and career. 


DID YOU KNOW 


The following are key principles any employer can reasonably expect to be maintained, 


regardless of a person’s job title: 


- Being reliable: always arriving on time, showing up early, staying late whenever 


possible, and following through with spoken words 


- Respecting all individuals: not holding a bias against any race, religion, or sexual 


orientation 


- Working to improve the organization: taking actions to develop the organization 
by staying privy to the latest strength and conditioning research as well as 
advancements in testing and training equipment 

- Working to improve skills: demonstrating a constant attempt to improve a skill 
set by enrolling in relevant certification courses or weekend seminars at least a 


few times per year 


- Being an effective communicator: communicating clearly and concisely when 


dealing with dozens of athletes and colleagues on a daily basis. Here are some 


tips for improving communication: 
+ Common ground: finding something in common with each person 
: Positivity: giving praise before any constructive criticism 


* Repetition: knowing people need to hear something three times before 


they remember it 
+ Humor: avoiding being too serious when giving an athlete constructive criticism 


+ Patience: knowing how to respond carefully even when caught off guard 


by a quick-tempered coach or athlete 
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180 formula: the formula to estimate an athlete’s maximum aerobic training heart rate— 
that is, 180 minus their age 


Abdominal bracing: gently activating all the muscles of the LPHC simultaneously 


Abdominal hollowing: drawing the navel toward the spine to activate the transverse 


abdominus 


Absolute strength: the maximum amount of force a person can exert, regardless of body 
weight 


Acceleration: the rate of change of velocity 
Accessory exercises: exercises accompanying main lifts and enhancing a workout 


Acetyl coenzyme A (acetyl-CoA): the molecule that enters the Krebs cycle to start aerobic 
metabolism 


Acetylcholine: a neurotransmitter released in the neuromuscular junction that facilitates 


muscle contraction 
Actin: the thin myofilament contained within a sarcomere 
Action potential: The electrical signal produced by a neuron or muscle spindle 


Active range of motion: amount of motion in a joint achievable through muscular contraction 


and limited by muscle flexibility 
Active recovery: low-intensity exercise used to enhance circulation and aid recovery 


Active rest: training other muscle groups or continuing to otherwise engage the muscles 


during rest periods 
Active tension: generated by internal force (muscle contraction) 
Acyclic sport: a sport with random, non-repetitive 
Adaptation: the physiological changes that occur in the body that result in greater efficiency 
Adaptive shortening: muscle fiber shortening from overuse or extended time in a shortened length 


Adenosine diphosphate (ADP): a hydrolyzed molecule of ATP with one less phosphate group 
used in molecular energy production 


Adenosine triphosphate (ATP): an adenosine molecule bonded to three phosphate groups, 
present in all living tissue. It provides energy for muscle contractions and other 
physiological processes 
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Adenylate kinase: an enzyme that catalyzes the reaction between ATP and AMP to form two 


ADP and vice versa 


Adhesions: fibrous bands of fascia (scar tissue) created between tissues as a result of injury, 


muscle stress, or overuse 
Adipose tissue: fatty tissue that stores energy and cushions and insulates the body 
Adiposity: the quality or state of being fat 


Aerobic base: the baseline levels of capillary and mitochondrial density resulting from large 
volumes of low- to moderate-intensity training 


Aerobic metabolism: the breakdown of fuels to form ATP in the presence of oxygen 
Aerobic power: the ability of the muscles to use oxygen from the heart and lungs to produce energy 
Agility: the ability to change direction in a controlled manner 


All-or-none law: When a motor neuron is activated, all of its corresponding muscle fibers 
contract 


Alpha-gamma co-activation: A process that allows a muscle spindle to contract at the same 
rate as the muscle where it resides 


Alpha-linolenic acid (ALA): a vitamin-like naturally occurring antioxidant compound 
Alveoli: tiny air sacs in the lungs that allow for rapid gas exchange 
Amino acids: simple organic compounds known as the building blocks of proteins 


Amortization phase: the brief time between the eccentric phase and concentric contraction 
where potential energy is at its highest 


Anabolic: the building process 


Anaerobic glycolysis: the process of splitting a glucose molecule into a pair of pyruvate 
molecules to produce two ATP when oxygen is low 


Anaerobic: a process that can occur without the help of oxygen 

Angular displacement: the change of location of a rotating object 
Angular: rotation around an axis 

Anthocyanins: a type of flavonoid and a class of antioxidant compounds 


Antiglycolytic training: training with shorter duration and additional rest periods to avoid 


relying on the glycolytic pathway for cellular energy metabolism 


Aorta: the main artery of the body, supplying oxygenated blood to the circulatory system 
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Appendicular skeleton: the bones of the upper and lower extremities 


Artery: any of the muscular-walled tubes forming part of the circulation system by which blood 
(mainly that which has been oxygenated) is conveyed from the heart to all parts of the body 


Articular cartilage: a form of hyaline cartilage located on the joint surface of bones 


Ascending tract: A bundle of axons that carry sensory information through the spinal cord 
to the brain 


Assessment: a series of evaluations a trainer completes to evaluate health and identify 
movement dysfunction 


Athletic ready stance: the quarter-squat position with a low center of gravity used in most 
sports to begin or transition through movement 


Athleticism: the competent use of capabilities such as strength, agility, and stamina 


ATP hydrolysis: the breakdown of ATP while in the presence of water to release energy stored 
within its bonds 


ATP synthase: an enzyme that creates ATP 

ATP-ADP cycle: a mechanism that allows ATP to be quickly broken into ADP and then re-formed 
ATPase: an enzyme that catalyzes the breakdown of ATP to ADP 

Atrium: one of the two upper cavities of the heart from which blood is passed to the ventricles 
Atrophy: a decrease in the size of a muscle 


Attention control: the ability to direct, sustain, and shift one’s focus to what is most important 
in the moment 


Autogenic inhibition: reduction of excitability of a muscle fiber caused by inhibition from the 
Golgi tendon organ 


Autonomic nervous system: The division of the peripheral nervous system that controls 


subconscious actions such as breathing, heart rate, and digestive processes 
Axial skeleton: the bones of the skull, vertebral column, sternum, rib cage, and sacrum 
Axis: point of rotation around which a lever moves 
Balance: the ability to control equilibrium 
Ballistic training: power training involving loaded jumping and throwing weight to increase power 


Basal ganglia: Structures within the cerebrum that communicate with the motor cortex to 


help initiate movement 


ISSA | Strength & Conditioning | 547 


KEY WORDS 


Basal metabolic rate (BMR): the rate at which an endothermic animal expends energy while 
at rest; in other words, the energy used for the normal biological function of the body’s 
organs and systems 


Basic fitness assessments: a series of tests measuring movement patterns, flexibility, and 


posture 
Bending: shaping into a curve or angle 
Beta-oxidation (B-oxidation): the catabolic process that breaks down fatty acids into acetyl-CoA 
Bilateral loading: loading on both sides of the body 
Bilateral: using two limbs 


Bile: a bitter greenish-brown alkaline fluid that aids digestion and is secreted by the liver and 
stored in the gallbladder 


Biomechanics: the study of mechanical laws related to movement or structure 
Block periodization: training periods of two to four weeks focused on a single strength quality 


Blood pressure: the pressure of the blood in the circulatory system, often measured for 
diagnosis since it is closely related to the force and rate of the heartbeat and the 


diameter and elasticity of the arterial walls 


B-lymphocytes: a type of white blood cell not processed by the thymus gland and responsible 
for producing antibodies and marking foreign cells for destruction 


Body composition: relative percentages of muscle, fat, water, and bones making up the body 
Body sway: slight postural adjustments made to help maintain a balanced position 


Bomb calorimetry: the process of measuring calories using a bomb calorimeter. A calorie is the 
amount of energy required to raise 1 gram of water a single degree in temperature (C°) 


Bony protrusion: an eminence on the surface of bones that increases strength and contact 
area for muscle attachments 


Borg CR10 scale: a scale that ranges from 1 to 10 and is used to quantify a person’s 


perception of intensity during an activity 
Buffer: a process that prevents a change in pH.</ 
Buffering capacity: the ability to clear excess protons from the intracellular and extracellular spaces 


Cc 


Carbohydrates: a classification of food mainly consisting of carbon, hydrogen, and oxygen 


molecules, which can be broken down for energy 
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Cardiac cycle: the performance of the human heart from the beginning of one heartbeat to 
the beginning of the next 


Cardiac muscle: contraction tissue that makes up the walls of the heart 
Cardiorespiratory assessment: tests assessing anaerobic and aerobic physical fitness 
Cardiorespiratory system: a combination of the cardiovascular system and respiratory system 
Cardiovascular system: the heart, bloodstream, and blood vessels 


Carioca: an agile crossover step where the leading foot steps across and behind the other 
and the lagging foot follows through 


Cartilaginous joints: connected entirely by cartilage. They allow more movement between 
bones than a fibrous joint but less than synovial joints 


Catabolic: the breakdown process 


Cauda equina: A bundle of spinal nerves that begin around the second lumbar vertebrae 
where the spinal cord ends 


Center of gravity: the point at which body mass and weight are evenly distributed 


Center of pressure (COP): the point at which the pressure of the body over the soles of the 
feet would be if it were concentrated in one spot 


Central nervous system (CNS): The nervous system cells that make up the brain and spinal cord 
Cerebral cortex: The outermost layer of the brain 


Cerebrospinal fluid (CSF): A clear fluid found in the brain and spinal cord that protects and 
cleans the brain 


Cervical enlargement: The larger diameter area of the spinal cord that contains the nerves 
that travel to the upper limbs 


Cervical nerves: Eight pairs of spinal nerves that exit the cervical region of the vertebral 
column, above each corresponding vertebrae, except for the C8 spinal nerve that exits 
below the C7 vertebrae 


Chyme: the pulpy acidic fluid that passes from the stomach to the small intestine, consisting 
of gastric juices and partially digested food 


Circuit: a series of exercises completed in succession 


Circulatory system: the system that circulates blood and lymph through the body, consisting 
of the heart, blood, blood vessels, lymph, and the lymphatic vessels and glands 


Clean and jerk: the movement of explosively lifting a load to the shoulders and then pushing 


it overhead in two separate motions 
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Clean: the movement of lifting the barbell from the ground to the shoulders in one smooth movement 


Closed kinetic chain: exercises performed with the extremities in direct contact with the 


surface the athlete is training on 
Coccygeal nerves: One pair of spinal nerves that exits below the sacrum 
Cofactors: substances that must be present for another substance to perform a certain function 
Compact bone: hard, dense outer layer of bone tissue 


Compensatory range of motion: movement used habitually to achieve functional motor skills 


when a normal movement pattern has not been established or is unavailable 


Competitive phase: the training phase that encompasses those weeks and months when an 


athlete is actively competing in their sport 


Complete proteins: proteins containing enough essential amino acids to maintain the body’s 
normal growth rate and body weight 


Compound movements: multijoint exercises 


Compound set: a set of two exercises targeting the same muscle group completed in 
succession with little to no rest between them 


Compression: reducing in volume and increasing in pressure 


Computed tomography (CT) scan: a sophisticated type of X-ray that creates images of bone, 
blood vessels, and soft tissues across multiple layers 


Concave: a shape curving inward with the edges thicker than the middle 
Concentric action: an action that occurs when an activated muscle shortens 


Concentric phase: the unloading phase immediately after amortization where concentric 
muscle contraction occurs 


Confidence: the belief that success is possible and probable. Confidence is not an all-or- 


nothing attribute, but rather it can fluctuate along a sliding scale and be task dependent 
Conjugate periodization: training two or more strength qualities during a week 
Continuous training: low-intensity and long-duration training 
Contralateral loading: loading opposite of the forward leg 
Contrast therapy: therapy that combines the beneficial effects of both heat and cold 


Contrast training: combining heavy, maximal-strength exercises with lighter, explosive- 
strength exercises in the same workout 
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Convex: a shape curving outward with the middle thicker than the edges 


Core: the midsection or trunk of the body and its associated musculature working to stabilize 
the body 


Corrective exercise: exercises geared toward injury prevention and optimal movement 
patterns focusing on reducing muscle adhesions (knots), strengthening weak 
musculature, stretching overactive muscles, and improving functional movement 


Cortisol: a glucocorticoid (steroid) that can raise blood sugar levels to provide energy during 
times of stress (the fight-or-flight response) 


Cranial nerves: Twelve pairs of nerves that emerge from the brain or brainstem to relay pure 
sensory, pure motor, or sensory and motor information to the head 


Creatine kinase: an enzyme that catalyzes ADP to ATP as well as creatine to phosphocreatine 


Creatine: a molecule synthesized in the liver and kidneys that assists re-formation of ATP 
from ADP 


Creep: a harmless, temporary deformation of connective tissue 


Cross-bridge cycle: a process where the myosin head attaches to actin to shorten the 
sarcomere 


Cryotherapy: a recovery technique in which a body (whether one area or the whole thing) is 
exposed to extremely cold temperatures for several minutes 


Cues: a form of self-talk designed to trigger a desired response such as attentional focus, 
physiological activation, or a specific physical behavior 


Cyclic sport: a sport with the same movement performed repetitively and continuously 
Cytoplasm: a gel-like material that makes up all inner components of a cell except its nucleus 
Deceleration: slowing down 


Deep fascia: a network of connective tissue throughout the body that envelops all bones, 
cartilage, blood vessels, muscles, and nerves 


Delayed-onset muscle soreness: discomfort felt in damaged muscle 24 to 72 hours after 


exercise 


Deload: a temporary decrease in training volume to promote recovery and allow for 
supercompensation 


Deoxyribonucleic acid (DNA): a molecule that contains genetic instructions for growth, 
development, reproduction, and functioning 
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Dephosphorylation: the process of removing a phosphate 
Deposition: adding new bone with osteoblasts 


Descending tract: A bundle of upper motor neuron axons that travel through the spinal cord 
to activate lower motor neurons 


Diaphragmatic breathing: rhythmic, deep, slow breathing geared toward balancing the 


autonomic nervous system 
Diastolic pressure: pressure on the walls of the arteries during the heart’s relaxation.</ 


Diffusion: the passive movement of molecules or particles along a concentration gradient, 
from regions of higher to regions of lower concentration 


Dipeptide: a peptide that consists of two amino acid molecules 


Direction of resistance: the direction of the resistance of the load on a joint—always opposite 
of the direction of rotation 


Direction of rotation: the direction a joint moves around its axis 
Displacement: the distance an object is displaced from a starting point 
Distance: total or sum of the length an object travels 

Distress: negative stress, such as pain, illness, or injury 

Diuretics: a drug or supplement that causes excretion of water through urine 


Docosahexaenoic acid (DHA): an omega-3 fatty acid predominantly found in fish living in 
colder waters 


Double-pyramid loading: starts with the lowest load, progresses to the highest load, and then 
regresses to the lowest load over numerous sets 


Drop set: a lifting technique where the initial set uses heavy weight and proceeds until failure, 
and immediate subsequent sets require a weight drop and repetition until failure 


Dynamic equilibrium: when all forces are in balance and the movement of the body is steady 
and unchanging 


Dynamic posture: posture during a task or range of motion 
Dynamic: systems in motion with acceleration 
Eccentric action: an action that occurs when an activated muscle lengthens 


Eccentric force: force applied in a direction not in line with the center of rotation when an 


axis is fixed 
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Eccentric phase: the loading phase where the muscle spindle is stretched and potential 


energy is built 
Eicosapentaenoic acid (EPA): an omega-3 polyunsaturated fat predominantly found in fish oil 
Elastic cartilage: flexible cartilage present in the outer ear, inner ear, and epiglottis 


Elastin: highly elastic protein found in connective tissue that allows it to return to its original 


shape after being stretched 


Electron transport chain: a metabolic pathway within mitochondria where the majority of ATP 
molecules are formed during aerobic metabolism 


Endosteum: connective tissue that covers the inside of bone and the medullary cavity 
Endurance training: training of the aerobic energy system 


Energy management: the ability to increase energy, maintain energy, and recover energy 
so an athlete has the physical resources necessary to meet training or performance 


demands 
Enzyme: a protein that catalyzes chemical reactions 
Epiglottis: a flap made of elastic cartilage that opens during breathing and closes during swallowing 


Epimysium: connective tissue that surrounds skeletal muscle to protect it from friction 


against other muscles and bones 
Epiphyseal line: a line of cartilage near the end of mature long bones 
Epiphyseal plate: the location of bone growth near the end of immature bones 
Equilibrium: a state of no acceleration with the body at rest 
Ergogenic aids: anything that provides a mental or physical edge when exercising or competing 


Essential fatty acids (EFAs): necessary lipids that the human body can’t synthesize on its 
own but must receive through their diet 


Estrogen: any of a group of steroid hormones that promote the development and maintenance 
of female characteristics of the body. Such hormones are also produced artificially for 
use in oral contraceptives or to treat menopausal and menstrual disorders 


Eustress: positive stress, denotes something generally pleasurable 


Excitation-contraction coupling: a process that starts with a neural signal and ends with 


muscle contraction 


Exercise order: the sequence in which exercises are completed 
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Exercise selection: the choice of exercise used in a training session 

Exhalation: process of pushing carbon dioxide out through the airways 

Explosive strength: the ability to express maximum force in minimal time 

External respiration: exchange of gases between the alveoli of the lungs and the blood 


F 


Facet joints: the joints between two adjacent vertebrae that guide and restrict movement of 
the vertebral column 


Fascicle: a bundle of muscle fibers contained within a skeletal muscle 


Fats: a series of organic molecules (containing carbon) that can be used as fuel. Fats can 
provide long-term storage and can synthesize more ATP than glucose per gram but at 


a slower rate 
Fibrocartilage: an elastic and tough tissue that contains type | and type II collagen 


Fibrous joints: connected by dense connective tissue consisting mainly of collagen. Fibrous 
joints are called “fixed” or “immovable” joints because they do not move 


Fight-or-flight response: a physiological response that occurs in response to stress, which 
heightens cardiac output and muscle activity 


Fitness-fatigue model: a theory that suggests performance increases are based on the 
aftereffects of both fitness and fatigue as quantifiable variables 


Fixed mindset: the belief that the way things are now is how they will always be and that 
effort cannot change them 


Flavin adenine dinucleotide (FADH2): a compound produced in the Krebs cycle that supports 
ATP formation 


Flavonoids: a class of plant and fungus metabolites 

Flexibility: range of motion in a joint or group of joints 

Force arm: the distance between the fulcrum and the force or load application in a lever 
Force: the product of mass times acceleration 


Freeze-drying: a process that uses cold temperatures to flash freeze a food to preserve the 
quality of the food 


Frequency: the rate at which something is completed or repeated over time 


Friction: the force created by the resistance between two surfaces of two objects moving 
across one another 
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Frontal (coronal) plane: separates the body into ventral (anterior) and dorsal (posterior) 


segments. Examples include abduction, adduction, and lateral 


Full-body workout: a workout training the entire body with at least three exercise types, such as 


an upper-body pull; an upper-body push; and a squat, dead lift, lunge, or swing variation 
Functional exercise: any exercise improving an athletic component of sport 


G 


Gastrin: a hormone that stimulates secretion of gastric juice and is secreted into the 


bloodstream by the stomach wall in response to food 


General adaptation syndrome (GAS) model: a simple model of stress and response 
illustrating the body’s changing reaction to increased stress over time 


General physical preparedness (GPP): a training period devoted to the general development 
of conditioning, power, strength, skill, flexibility, endurance, and structures 


Glia: A nervous system cell that protects and nourishes neurons but doesn’t produce an 
action potential 


Global stabilizers: the more superficial core muscles producing force and torque for movement 


Glucagon: a peptide hormone released by the pancreas. When bound to the liver, glucagon 
increases blood sugar levels, preventing hypoglycemia 


Gluconeogenesis: the formation of glucose from noncarbohydrate sources, occurring mainly 
in the liver 


Glucose: the smallest molecule a carbohydrate can be broken down into and used as an 
energy source 


Glycemic response: the effect that a food has on a person’s blood sugar levels. This varies 
not only from food to food but also on an individualized level 


Glycogen: the body’s stored form of glucose 
Glycolysis: the process of splitting a glucose molecule into a pair of pyruvate molecules 
Glycolytic stress: the cellular metabolic stress created by glycolysis 


Goal setting: the process of determining one’s current state, determining the future state 
one wishes to achieve, and detailing the steps it will take to close the gap 


Golgi tendon organ (GTO): A sensory receptor within the tendons of a muscle that detects 
changes in muscle tension 


Graduated garments: support garments designed to exert greater pressure in Some regions 
than others, usually higher pressure distally with reduced pressure proximally 
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Gray matter: The portion of the brain and spinal cord that contain axons with little or no 


myelin and cell bodies 


Growth hormone: a peptide hormone released from the pituitary gland that not only helps 
increase energy availability but also stimulates IGF-1 for bone and tissue growth and 


maintenance 


Growth mindset: the belief that change and growth are possible through effort, openness, 


and quality experiences 
Heart rate variability: the variations in time intervals between heartbeats 


Heart rate: the speed of the heartbeat measured by the number of contractions (beats) of 
the heart per minute (bpm) 


Heat recovery: a method of heat delivery that helps dilate blood vessels and promote blood 
flow, typically through the use of a small pad, saunas, steam baths, and hot tubs 


Hemoglobin: a red protein responsible for transporting oxygen in the blood 


Hepatic artery: a short blood vessel that supplies oxygenated blood to the liver, pylorus of 


the stomach, duodenum, pancreas, and gallbladder 


Hepatic portal vein: vein conveying blood to the liver from the spleen, stomach, pancreas, 
and intestines 


Homeostasis: The process of keeping physiological systems stable 


Hormone-sensitive lipase: an enzyme that catalyzes the breakdown of triglycerides into fatty 
acids 


Huntington’s disease: A movement disorder caused by damage to the cells of the basal 
ganglia 


Hyaline cartilage: a transparent cartilage found on most joint surfaces and in the respiratory 


tract, which contains no nerves or blood vessels 
Hydrotherapy: water recovery methods including baths, whirlpools, and others 
Hypercapnia: excess carbon dioxide in the blood 
Hypertrophy: an increase in muscle tissue size 
Hypoxia: low oxygen levels in the blood 


Imagery: creating or re-creating an experience in the mind through 
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Immune response: exercise-induced stress has been shown to increase cortisol and 


decrease mucosal immune parameters such as IgG, IgA, and IgM 


Incomplete proteins: proteins deficient in one or more of the essential amino acids. This 
amino acid deficiency adversely affects growth and development rates 


Inertia: the resistance to action or change 
Inferior vena cava: a large vein carrying deoxygenated blood into the heart from the lower body 
Inhalation: process of pulling oxygen in through the airways 


Insertion: the attachment of a muscle closest to the feet when viewed from the anatomical 


position and also the more movable attachment 


Insoluble fiber: does not dissolve in water and passes through the gastrointestinal tract 
relatively intact, providing bulk for stool formation and thus having no caloric value 


Insulin precursors: supplements that act like insulin to shuttle glucose to the muscle 


Insulin: a peptide hormone secreted by the pancreas that directly affects blood glucose 


levels by facilitating its uptake into cells 
Intensity: the relative difficulty of an exercise or movement pattern 
Interference effect: the physiological effect of pairing endurance and strength training 
Intermediate back muscles: the muscles aiding in movement of the thoracic cage 


Intermittent pneumatic compression (IPC): compression that works in a sequential and 


peristaltic fashion, more closely mimicking natural fluid motion 
Intermuscular coordination: a group of muscles firing together to create 


Internal respiration: the process of diffusing oxygen from the blood into the interstitial fluid 
and into the cells 


Interneuron: A nervous system cell that creates circuits between motor or sensory neurons, 


and within the brain and spinal cord 
Interset rest periods: the amount of time an athlete rests between exercises in a workout 


Interstitial fluid: a substance that fills the spaces between cells. It is composed of water, 
amino acids, sugars, fatty acids, coenzymes, hormones, neurotransmitters, salts, and 
cellular products 


Interval training: short-duration and high-intensity training 


Intra-alveolar pressure: the pressure of the air within the alveoli, which changes during the 


different phases of breathing 
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Intramuscular coordination: individual muscles firing to create force 

Intramuscular fat: fat that’s stored within muscle 

Intra-workout: any point during a workout 

Intrinsic back muscles: the deep skeletal muscles fusing to the vertebrae 

Isometric action: an action that occurs when an activated muscle remains in a static position 
Isotonic contractions: contractions maintaining constant tension in a muscle as the length changes 


J 


Jerk: the movement of lifting the barbell from the shoulders to overhead, locking out the 
knees 


Joint capsule: a thin, strong layer of connective tissue that contains synovial fluid in freely 
moving joints 


K 


Ketoacidosis: a metabolic state where high levels of ketones are in the blood due to fatty 
acid metabolism 


Ketone: a by-product of fatty-acid metabolism that can be used for energy 
Kinematics: the properties of the motion of an object 
Kinesiology: the study of human movement and mechanics 


Kinetic energy: the work needed to accelerate a mass from a state of rest to a state of 
velocity 


Kinetic friction: the friction between two objects moving across one another 
Kinetics: the forces acting on a body in motion 


Krebs cycle: a series of chemical reactions within mitochondria to form ATP from the oxidation 
of acetyl-CoA 


Kyphosis: a condition characterized by rounding in the upper spine 


L 


Lactate dehydrogenase (LDH): an enzyme that catalyzes the conversion of pyruvate and 
NADH into lactate and NAD+, and vice versa 


Lactate threshold: the point beyond which lactate accumulates in the blood during exercise 


Lactate: an organic molecule produced by most tissues in the human body, with the highest 
production found in muscle 
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Lactic acid cycle: the pathway via which lactate transfers from muscle to liver to be converted 


to glucose, which then returns to muscle , where it is metabolized back to lactate 


Landing mechanics: the efficiency of an athlete when landing from a jumping movement and 
absorbing force 


Law of conservation of energy: the principle that states that energy cannot be created or 


destroyed but only transformed from one form to another 
Laxity: a permanent deformation of connective tissue caused by excessive stretching 
Lean body mass (LBM): weight of muscle mass, bones, organs, hair, and tissue one carries 


Length-tension relationship: optimal sarcomere length within a muscle fiber maximizing 


force production 
Lever: a rigid bar turning about an axis 
Ligament: connective tissue that connects bones 
Linear displacement: the distance an object moves in a straight line 
Linear periodization: a training progression with an inverse relationship between volume and intensity 
Linear: movement along a line (Straight or curved) 
Lipolysis: the breakdown of triglycerides into fatty acids 
Local muscular endurance: the ability of a group of muscles to work continuously 


Local stabilizers: the core muscles attached directly to the vertebrae, maintaining stability 


and controlling movement 


Lower motor neuron: A peripheral nervous system cell whose cell body is in the brainstem or 


spinal cord that innervates muscles or glands 


Lower-extremity functional test (LEFT): a drill to measure lateral speed and agility in both 
healthy and recovering athletes 


Lumbar enlargement: The larger diameter area of the spinal cord that contains the nerves 


that travel to the lower limbs 


Lumbar nerves: Five pairs of spinal nerves that exit the lumbar region of the vertebral column, 


below each corresponding vertebrae 
Lumbopelvic-hip complex (LPHC): the anatomical name for the 29 muscles of the core 


Lymph: a colorless fluid containing white blood cells that bathes the tissues and drains 
through the lymphatic system into the bloodstream 
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Lymphatic drainage: the removal of lymphatic fluid buildup containing waste products and 


damaged tissues 


Lymphocytes: a form of small leukocyte (white blood cell) with a single round nucleus, 


occurring especially in the lymphatic system 


Macrocycle: a long period of time (typically a year) spent completing the three phases of 
training; also known as mesocycles 


Macronutrients: large molecules that typically provide the bulk of energy. In humans, 


macronutrients mostly comprise carbohydrates, fats, and proteins 


Macrophages: a large phagocytic cell found in stationary form in the tissues or as a mobile 


white blood cell, especially at sites of infection 
Mass: the amount of matter in an object 
Maximal strength: the maximum amount of force a muscle can produce 


Maximum aerobic function (MAF) test: a cyclic test to measure cardio fitness and progress 


over time 


Maximum aerobic heart rate (MAHR): the maximum heart rate an athlete can achieve 


without crossing their anaerobic threshold 
Medullary cavity: central cavity of the bone shaft where marrow is stored 


Melatonin: a hormone secreted by the pineal gland that inhibits the formation of melanin 


(dark pigment in eyes, hair, and skin) 


Meninges: The membranes that cover the brain and spinal cord to provide protection and 


nourishment 


Meniscus: a form of fibrocartilage present in the knee, wrist, acromioclavicular, sternoclavicular, 


and temporomandibular joints 


Mental toughness: the ability to perform consistently and well despite everyday challenges 


and stressors or other adversities 


Mesocycles: the three phases of training that isolate training objectives and content; 


together, they form a macrocycle 
Metabolic processes: the organic processes by which some organisms obtain energy for life 


Metabolic reaction: also called metabolism; the building-up (anabolic) or breaking-down 


(catabolic) processes that sustain life and, in some cases, result in energy storage or usage 


ISSA | Strength & Conditioning | 560 


KEY WORDS 


Metabolism boosters: supplements used to increase metabolic rate 


Microcycles: the shortest cycles of training (for example, a week or 10 days) during which 


the focus is motor efficiency, skill develooment, and technique 


Microfiltered: describes the product of a filtering process used to eliminate toxins and 


impurities 


Micronutrients: often referred to as vitamins and minerals, these elements are necessary in 


human biochemistry, yet they do not directly provide energy 


Minimum effective dose: the minimum required amount of training an athlete must perform 


to achieve their goal while reserving energy to compete and enjoy daily life 


Minute ventilation: the volume of gas inhaled (inhaled minute volume) or exhaled (exhaled 


minute volume) from a person’s lungs per minute 
Mitochondrial biogenesis: the formation of new mitochondria 
Mixed nerve: A bundle of axons that carries sensory, motor, and autonomic information 
Mobility: the range of motion within a particular joint 


Momentary muscular failure: the point when no more repetitions can be performed due to 


acute muscle exhaustion 
Momentum: the product of an object’s size and its velocity (mass times velocity) 


Motivation: the level of desire and effort a person puts toward their engagement in an 


activity or performance 


Motor (efferent) nerve: A bundle of axons that carries motor information away from the brain 
or spinal cord to muscles or glands.</ 


Motor cortex: The region of the brain consisting of the premotor cortex, primary motor cortex 


and supplementary motor area that primarily controls movement 


Motor neuron pool: A vertical column of cell bodies within the spinal cord that innervate a 


single muscle 


Motor unit recruitment: Activation of additional, larger motor units in order to generate 
greater muscular force 


Motor unit: A lower motor neuron and all the muscle fibers it innervates 


Movement competency: the ability to move well, requiring a combination of mobility and 
stability throughout the body 


Multijoint exercises: movements involving more than one muscle and more than one joint 
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Multiplanar motions: movements occurring in more than one anatomical plane 
Multiple Sclerosis: A disease that damages the myelin that surrounds an axon 


Muscle fiber: a cell made up of many myofibrils that contracts when stimulated by the 


nervous system 


Muscle imbalances: when muscles surrounding a joint are abnormally weakened or overactive 


and thus limit the joint’s movement 
Muscle mass: weight of the muscle tissue one carries 
Muscle protein breakdown: a process of breaking down muscle proteins into amino acids 
Muscle protein synthesis: a process that forms muscle proteins from amino acids 


Muscle spindle: A sensory receptor contained in the muscle belly that detects changes in 


muscle length and helps regulate contraction 


Myelin: A fatty sheath around the axon of a nerve that provides electrical insulation, protection, 
nourishment, and faster signal transmission 


Myofibril: a rodlike unit of a muscle cell made up of sarcomeres.</ 

Myosin: the thick myofilament contained within a sarcomere 

Myotatic stretch reflex: muscle contraction in response to stretching within the muscle 
NADH: the reduced form of NAD+ necessary for energy production 

Neural tract: A bundle of axons within the CNS that carries motor or sensory information 


Neuromuscular junction: The synapse where the motor neuron transmits a signal to the 


muscle fiber that results in muscle contraction 


Neuron: The nervous system cell that produces action potentials to communicate with other 


neurons, muscles, or glands 


Neutral alignment: a position directly between the extremes of motion at a joint; equilibrium 
of body posture 


Neutral grip: a grip that keeps the palm facing the midline of the body 


Newton: the force required to accelerate one kilogram of mass at one meter per second 
squared in the direction the force is applied 


Nicotinamide adenine dinucleotide (NAD+): a coenzyme that participates in glycolysis 


Nitric oxide: a vasodilator produced in nearly all cells 
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Nociceptors: pain-sensitive nerve endings 


Non-graduated garments: over-the-counter support garments that provide less compression 


than graduated garments 
Nonlinear periodization (NLP): a training progression with variable training volume and intensities 


Norepinephrine: The hormone/neurotransmitter released by the CNS and sympathetic 


nervous system that triggers the “fight or flight” response 
Nucleus: an organelle that controls a cell and holds its genetic material 


Nutrient timing: a nutritional strategy that involves the consumption of combinations of 
nutrients, primarily protein and carbohydrates, in and around an exercise session 


Objective data: data and information based on facts, not opinions 


Off-season: the portion of the year in which no regulated games or competition of a sport 


are in session 


Olympic lifter: an athlete who competes in events testing one attempt at a barbell plate- 


loaded movement like the clean and jerk 


Olympic lifting: barbell-loaded maximum-effort lifts performed in competition and to improve 


strength and power for athletes 
One-repetition maximum (1RM): the maximum load an athlete can lift for one repetition 


Open kinetic chain: exercises performed where the contracting extremities are not in contact 
with the ground 


Organ system: a group of organs and tissues working together to perform specific functions 


Origin: the attachment of a muscle closest to the head when viewed from the anatomical 


position and also the less movable attachment 
Ossification: the hardening process of bones during development 


Osteoarthritis: bone-on-bone contact that results in joint pain and stiffness from a loss of 


articular cartilage 
Osteoblasts: cells responsible for bone deposition 
Osteoclasts: cells responsible for bone resorption 
Osteocytes: mature bone cells that maintain a bone’s matrix 


Osteons (Haversian systems): functional units of compact bone 
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Osteoporosis: bone disease characterized by a loss in bone mass and density 

Overhand grip: a grip that keeps the palm facing down or away from the body 

Overload: excessive load or demand 

Overtraining: when the body exceeds the ability to recover from strenuous or prolonged exercise 


Overuse injuries: any type of muscle or joint injury, such as tendinitis or a stress fracture, that 
is caused by repetitive trauma 


Ovum: the single cell in the female reproductive system that creates a human 
Oxidative phosphorylation: another name for the electron transport chain 


P 


Parasympathetic nervous system: The division of the autonomic nervous system that 


generates the “rest or digest” response 
Parkinson’s disease: A movement disorder caused by a deficiency of dopamine in the basal ganglia 


Passive range of motion: amount of motion a joint can achieve when force is applied by an 


outside source 
Passive rest: full rest during rest periods 
Passive tension: generated only by external forces 


Performance psychology: the study and application of psychological factors facilitating 
growth and enhancing performance 


Perimysium: connective tissue that surrounds each fascicle within skeletal muscle 


Periodization: a cyclic approach to training in which periods emphasizing certain kinds of 
gains (in strength or skill) are followed by periods focused on a different type of gain 


Periosteum: the outer covering of bone where osteoblasts are 
Peripheral fatigue: an athlete’s inability to maintain their expected level of exercise intensity 


Peripheral nervous system (PNS): The nervous system cells that provide information to the 
brain and spinal cord 


Pharynx: the membrane-lined cavity behind the nose and mouth, connecting them to the esophagus 
Phosphagen system: the combination of a muscle’s stored ATP plus its phosphocreatine 


Phosphocreatine (PC): a molecule found in muscle and brain tissue that donates its 
phosphate to ADP to form ATP 
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Physical prowess: the elements enabling an athlete to perform well in their sport 


Physiological cross-sectional area: the area of a muscle perpendicular to its fibers at its 


largest point 
Physique development: training to enhance muscular proportions and appearance 
Plantar aponeurosis: a strong layer of connective tissue on the bottom of the foot 


Plantar fasciitis: a common cause of heel pain due to an irritation of the connective tissue 
on the bottom of the foot 


Plasma: the liquid portion of blood, made of water, protein, sugar, and fat particles 
Plicae circulares: crescent-shaped folds of the mucosa and submucosa 
Plyometrics: a style of athletic training primarily addressing the stretch-shortening cycle 


Post-activation potentiation (PAP): the force produced by a muscle is increased due to its 


previous contraction 
Postural control: ability of an individual to control and maintain their posture in equilibrium 
Post-workout: after the completion of a workout 
Potential energy: the energy within an object created by its relative position to other objects 
Power training: exercises producing maximum force in the shortest duration of time 


Power: the maximal amount of force and velocity that can be produced by the neuromuscular 
system at a given load 


Powerlifter: an athlete who competes in a lifting event (bench press, squat, or dead lift) 
where the athlete has three attempts to lift maximal weight 


Pre-contraction stretching: stretching requiring the contraction of a muscle or its antagonist 


before stretching 


Pre-exercise screening: questionnaire used to identify health or medical issues prior to 


engaging in fitness 


Pre-exhaustion training: the theory that a muscle should be exhausted with a single-joint 
movement before a compound movement with the same muscle 


Prefrontal cortex: a brain region that plays a role in decision-making, error detection, 


executive control, and reward-guided learning 


Preparatory phase: develops the body’s adaptations, typically cycling through strength, 
hypertrophy, and power phases 
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Preparedness: the ability to perform well in a specific moment based on the athlete’s fitness 
and fatigue 


Pre-workout: before the beginning of a workout 


Principle: a fundamental truth that serves as the foundation for a series of reasoning or set 
of beliefs 


Program: a plan of action 
Progression: the process of moving gradually toward a more advanced 


Progressive resistance training: a method of fitness training using an increasing overload to 
cause the body to adapt, grow stronger, and build muscle 


Proprietary blend: a combination of ingredients that does not legally need to list the amount 
of each ingredient within the product 


Proprioception: the sense of body position, effort, and motion 


Proprioceptive neuromuscular facilitation (PNF) stretching technique: an advanced form of 
flexibility training involving both stretching and contracting the targeted muscle group; 
effective for improving flexibility and increasing range of motion 


Proprioceptors: Sensory receptors in the muscles and joints that transmit information to the CNS 


Proteins: the essential building block of muscle and a key ingredient in hormones, 
neurotransmitters, and other peptides used in cellular communication 


Psychological skill: the ability or learned capacity to regulate a psychological quality, such as 
confidence, motivation, or focus 


Psychological strategy: a method used to enhance psychological skills, such as goal setting, 
self-talk, or imagery 


Pulley: a simple machine changing the direction of force application 
Pulling force: the force a muscle produces to shorten 


Pulmonary artery: the artery carrying blood from the right ventricle of the heart to the lungs 
for oxygenation 


Pulmonary vein: one of the veins that transfer oxygenated blood from the lungs to the heart 
Pulmonary ventilation: the process of exchange of air between the lungs and the ambient air 


Pulse: a rhythmical throbbing of the arteries as blood is propelled through them, typically felt 
in the wrists or neck 


Pyramid set: a series of sets of one exercise that progresses from higher reps and light 


weight to heavy weight and lower reps—or vice versa 
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Pyramid training: a pyramid set that continues to progress through the reverse order, 


returning to the starting point 
Pyruvate: a three-carbon structure formed by splitting a glucose molecule 


Q 


Quality of life: the standard of health, comfort, and happiness of an individual 


Ramp loading: performing the same number of repetitions for each set, using progressively 


heavier loads 
Range of motion (ROM): full motion of a limb about a particular joint 
Rate coding: The discharge rate of active motor neurons 


Rate of force development (RFD): the rate at which an athlete can develop force with rapid 


voluntary contraction 


Rate of perceived exertion (RPE): a subjective sliding scale of 1 to 10 that measures the 


exerciser’s self-perceived rate of exertion 


Reactive strength: a person’s ability to quickly transition between eccentric and concentric 


muscle actions 


Recovery adaptation: improvements in the muscle and cardiovascular system that will 


ultimately result in improvements in performance 
Recovery capacity: the ability to recover from strenuous activity 


Recovery: the process of returning the body to a stable resting state, according to the 


homeostatic principle, after bouts of exertion 
Reflex action: muscle actions produced automatically without conscious control 
Relative strength: how strong an athlete is in relation to their body weight 
Repetitions: the number of times a weight is lifted or moved 
Rephosphorylation: the process of adding a phosphate 


Resiliency: the ability to withstand and recover from the physical and mental stressors of 
sport 


Resistance force: an external force that opposes the force a muscle produces to shorten 


Resorption: removing bone with osteoclasts 
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Respiratory system: the lungs and respiratory pathways 

Rest period: the amount of time between sets 

Rolling friction: the friction when one object rolls across a surface 

Saccharide: a simple carbohydrate that’s easiest and likely fastest to digest or assimilate 


Sacral nerves: Five pairs of spinal nerves that exit the sacrum at the lower end of the 


vertebral column 
Sagittal plane: divides the body into right and left segments. Examples include flexion and extension 
Sarcomere: the functional unit of a skeletal muscle fiber.</ 
Sarcoplasm: the cytoplasm of a muscle cell 
Sarcoplasmic reticulum: a network of tubules within muscle that stores and releases calcium 
Satellite cells: cells that help muscle fibers grow and regenerate after exercise 


Scapulohumeral rhythm: the coordinated rotational movement of the scapula accompanying 
abduction, adduction, internal and external rotation, extension, and flexion of the 


humerus 
Season: the portion of the year in which regulated games or competitions of a sport are in session 


Self-myofascial release (SMR): flexibility technique focusing on the fascial and neural 


systems to relieve irritated bands of fascia and muscle tissue 


Self-talk: in context, an athlete’s internal dialogue, which can be used for instructional or 


motivational purposes 


Sensory (afferent) nerve: A bundle of axons that carries sensory information into the brain 


or spinal cord 
Set: a group of consecutive repetitions 
Shearing: cutting or breaking 


Shelf stable: a food or supplement preserved to be stable at room temperature for longer 


than it would naturally 
Shell-core effect: the natural cyclical circulation response to cold therapy techniques 


Shoulder girdle: the set of bones and associated muscles connecting the arm to the trunk. 


In humans this includes the clavicle and scapula 


ISSA | Strength & Conditioning | 568 


KEY WORDS 


Shoulder impingement: a painful condition occurring when the tendons and soft tissues 
around the shoulder joint become trapped between the top of the upper-arm bone 
(humerus) and the acromion, a bony projection extending upward from the scapula 
(shoulder blade) 


Single-joint exercises: movements involving a single muscle and a single joint 


Sinoatrial node: a small cluster of cells in the heart that generate the electrical impulses 
responsible for the heartbeat 


Size principle: The fixed, orderly recruitment of motor neurons from smallest to largest, first 
explained by Elwood Henneman 


Skeletal muscle: contractile tissue that produces force in the human body 

Skill: the ability to do a task well 

Sleep inertia: the feeling of drowsiness or sluggishness that may follow a 

Sliding Filament Theory: the explanation of how muscle contraction occurs 

Smooth muscle: contractile tissue that regulates the gut and blood vessels 

Snatch: the movement of lifting a load from the ground to overhead in one smooth movement 


Soluble fiber: fiber that receives water and becomes a gel-like substance as it travels through 
the digestive tract 


Somatic nervous system: The division of the peripheral nervous system that controls 


voluntary movement 
Specialized recovery: therapeutic or medical aids for enhancing and speeding up recovery 
Specificity: the quality of belonging to or relating to a particular person or subject 


Speed strength: the ability of the neuromuscular system to create the largest impulse in the 
shortest amount of time with maximum load 


Speed: the rate at which someone or something can move 


Spinal nerves: Thirty-one pairs of nerves that emerge from the spinal cord to relay motor 
sensory, and autonomic information from the neck to the feet, except for the C1 spinal 
nerve that transmits pure motor information 


Spinous process: the bony protrusion on the posterior surface of a vertebra where muscles 
and ligaments attach 


Split jerk: a jerk ending in a bent-knee staggered position with the barbell overhead 


Split workout: exercises targeting a specific region of the body, such as arms and back in 
one workout and chest and shoulders in another 
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Spongy bone: porous, light inner layer of bone tissue 


Sport psychology: the study and application of psychological characteristics facilitating 
optimal sport performance 


Squat jerk: a jerk ending in a squatted position with the barbell overhead 
Stability: the resistance to change the body’s acceleration or disturb equilibrium 
Static compression: pressure exerted via a garment of some type 

Static equilibrium: when the body is completely at rest 

Static friction: the friction between two objects not moving 

Static posture: maintaining the same position for a length of time without moving 


Static stretching: simple stretches in which the athlete moves into a selected end range 
of motion position, potentially with some discomfort, and then holds this position for 
10-30 seconds 


Static: systems at rest or with no acceleration 


Steroids: any of a large class of organic compounds with a characteristic molecular structure 
containing four rings of carbon atoms 


Stimulant: a substance with the potential to increase physiological and nervous system 
activity 


Straight sets: all sets of a single exercise are completed before performing the next exercise 
Strength endurance: the muscular ability to produce force over extended periods of time 
Stress adaptation: physiological responses used to cope with stressors 

Stress fracture: a thin bone crack due to an accumulation of microdamage 

Stress: physical or emotional tension 


Stretch reflex: A neural circuit that allows activation of a muscle to occur with simultaneous 


inhibition of its antagonist 


Stretch tolerance: the ability to experience the physical sensations of stretching and reduce 
the discomfort felt at the end range of motion 


Stretch weakness: when a muscle is lengthened beyond its physiological neutral but still 
within its normal range of motion 


Stretching: a method for achieving flexibility 


Stretch-shortening cycle (SSC): an eccentric action followed immediately by a concentric 
action within the same muscle 
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Stroke volume: the amount of blood pumped by the left ventricle of the heart in one 
contraction 


Subacromial space: the space beneath the acromion (between the acromion and the top 
surface of the humeral head) 


Subcutaneous fat: fat that’s stored directly beneath the skin 
Subtalar joint: the joint of the talus and calcaneus bones 


Super set: a combination of two exercises for opposing muscle groups completed in 
succession with little or no rest between them 


Supercompensation: a state in which the body increases capacities to deal with stressors 


efficiently and effectively 
Superficial back muscles: the muscles facilitating movement of the upper back and neck 


Superior vena cava: a large vein carrying deoxygenated blood into the heart from the head, 


arms, and upper body 


Suspension training: an approach to strength training using a system of ropes or webbing to 
allow athletes to work against their own body weight.</KW> 


Sympathetic nervous system: The division of the autonomic nervous system that generates 
the “fight or flight” response 


Synapse: An area between neurons, or between a neuron and muscles or glands, where 


electrical or chemical signals are transmitted 


Synovial joints: also known as diarthrosis. They join bones with a fibrous joint capsule that 
is continuous with the periosteum of the joined bones, constitute the outer boundary 


of a synovial cavity, and surround the bones’ articulating surfaces 


Synovial membrane: a thin layer of connective tissue beneath the joint capsule that makes 


a lubricating fluid 
Systematic: methodical, done according to a fixed plan 
Systemic veins: the veins that carry deoxygenated blood back to the heart 
Systolic pressure: pressure on the walls of the arteries during the heart’s contraction 
T 
Taper: a brief period of reduced training load prior to competition 
Tear: a partial or complete separation of tissue due to a stretch beyond its structural capacity 


Tempo: the rhythm used to move a load during a repetition 
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Tendon: a strong connective tissue made primarily of collagen that connects muscle to bone 
Tension: stretching or strain 
Thermogenic: related to, using, or producing heat; metabolism boosting 


Thoracic cavity: the chest cavity, which is enclosed by the ribs, vertebral column, and the 
sternum and is separated from the abdominal cavity by the diaphragm 


Thoracic nerves: Twelve pairs of spinal nerves that exit the thoracic region of the vertebral 


column, below each corresponding vertebrae 


Three-minute step test: an assessment in which an alternating step up is completed for 
three minutes, and the time to return to a resting heart rate range is measured upon 


completion 


Tidal volume: lung volume, represented by the volume of air displaced between normal 


inhalation and exhalation when extra effort is not applied 
Time release: a release that happens gradually rather than all at once 
Time under tension: length of time a muscle is under tension during a repetition or a set 
Time: duration 


T-lymphocytes: a type of white blood cell that helps the immune system defend against 


disease and infection. T-cells fight infected cells that have been marked by B-lymphocytes 
Torque: the turning effect of an eccentric force 
Torsion: twisting 
Trabeculae: functional units of spongy bone 


Trachea: a large membranous tube reinforced by rings of cartilage, extending from the larynx 
to the bronchial tubes and conveying air to and from the lungs; the windpipe 


Training parameters: the components of a fitness program that determine how it will be 


executed 


Training phases: the macrocycles of a training program—preparatory, competitive, and 
transition phases 


Training regression: systematically reducing the intensity, volume, or duration of training to 
promote physiological and psychological recovery 


Training variability: varying exercise parameters over time 


Training: the process of preparing an athlete physically, technically, tactically, psychologically, 


and theoretically for the highest levels of performance 
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Trajectory: the path a weight follows during a movement 


Transition phase: the time between when a sport season ends and when the athlete again 


begins the preparatory phase 


Transverse (axial) plane: separates the body into superior and inferior segments. An example 
is rotational movement 


Transverse process: the bony protrusion on the right and left side of a vertebra where 
muscles and ligaments attach 


Triglycerides: the stored form of fatty acids 
Triplanar motions: occuring in all three anatomical planes of movement 


Triple extension: performed by creating extension through the ankle (plantar flexion), knee, 
and hip joints 


Type I collagen: a structural protein contained within a tendon 

Type: the exercise modality or equipment used 

Undenatured: processed directly from milk and not a by-product of the cheese-making process 
Underhand grip: a grip that keeps the palm facing up or toward the body 


Undulating periodization: a training program varying volume and intensity during each 


workout or week 
Unilateral: using one limb 
Upper motor neuron: A central nervous system cell that synapses with lower motor neurons 


V 


Valgus: an abnormal joint movement toward the midline of the body, which can result in 


knock-knees at the knee joint 


Varus: an abnormal joint movement away from the midline of the body, which can result in 
bowlegs at the knee joints 


Vasodilator: any substance promoting blood flow by encouraging dilation (opening) of blood 


vessels 


Vein: tubes forming part of the blood circulation system of the body, carrying (in most cases) 


oxygen-depleted blood toward the heart 


Velocity: direction and rate of displacement 
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Ventricle: one of the two lower chambers of the heart, below the left and right atria 
Ventricles: Cavities in the brain that contain cerebrospinal fluid 

Venule: a very small vein, especially one collecting blood from the capillaries 

Villi: tiny hairlike projections, often on the surface of mucous membranes 

Visceral fat: fat that’s stored around the midsection and major intra-abdominal organs 


Vital capacity: the greatest volume of air that can be expelled from the lungs after taking the 
deepest possible breath 


VO2 max: the maximum amount of oxygen the body can use during a specified period of 


usually intense exercise 
Voluntary action: muscle actions produced by conscious control 
Wave loading: variations of the load or repetitions between one or more sets 
White matter: The portion of the brain and spinal cord that contain myelinated axons 


Wolff’s Law: a theory developed by German surgeon Julius Wolff, which states that bone will 
adapt to the loads placed upon it 


Work capacity: the maximum amount of exercise an athlete can recover from to elicit a 
positive adaptation 


World Anti-Doping Agency (WADA): an international committee that monitors and fights 


against drug use in professional sports and athletics 


X-ray: a photographic or digital image of the internal composition of bones and other hard 


tissues 


X-ray: a photographic or digital image of the internal composition of bones and other hard 


tissues 
Z 


Z lines: the outer borders of a sarcomere that move closer together during muscle contraction 
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STRENGTH AND CONDITIONING 


With ISSA’s Strength and Conditioning manual, you'll 
learn what you need to know to work with high performing 
clients and athletes. The emphasis on applying principles 
of programming will ensure your effectiveness as a coach 
on day one. New coaches often struggle with transforming 
the science into real-world application. ISSA’s Strength and 
Conditioning manual will help you overcome this hurdle with 
a large dose of all the “how-to’s” for achieving any sport 
related goal. In addition to the fundamentals of exercise 
science, this includes: 

: Principles of Programming 

+ Strength Training Systems 

* Exercise Technique 

+ Olympic Lifts 


- Performance Psychology 


ABOUT ISSA 


The International Sports Sciences Association (ISSA) is a 
global leader and pioneer in the personal training certification 
industry. For more than 30 years, ISSA has been committed 
to providing the highest quality certification programs by 
merging the gym experience with practical applied sciences. 
To date, ISSA has trained more than 300,000 students and 
placed personal trainers across 140 countries, all while 
continuing to develop greater access to opportunities that 


promote a healthier world: www.!SSAonline.com. 


Our Mission 
Bring healthy living to everybody in the world through 


education and community. 


Our Vision 


Connect 100M people to the power of healthy living by 2030. 
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